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ABSTRACT 


The  development  of  "typical”  urban  areas  (determined  by  the 
land  use  and  the  types  of  building  construction)  and  the  associ¬ 
ated  casualty  curves  is  the  subject  of  this  contractual  effort. 

The  primary  source  for  information  concerning  building  con¬ 
struction  throughout  the  United  States  is  the  Sanborn  maps. 
Specific  types  of  areas  within  selected  cities  were  chosen  for 
detailed  study.  Whenever  possible,  samples  were  included 
of  downtown  business  areas,  manufacturing  areas,  commercial 
(wholesale  and  warehouse)  areas,  and  various  residential  areas. 

A  block -by-block,  building-by -building  survey  of  information 
from  the  Sanborn  maps  was  conducted.  Occupancy,  block  area, 
total  floor  area,  height,  number  of  floors,  construction  details, 
etc.  were  recorded  for  each  building  in  the  block  being  surveyed. 
These  data  were  punched  on  IBM  cards,  verified,  and  put  on 
magnetic  tape.  Computer  summaries  were  then  made  of  these 
data. 

From  these  summaries  statistical  analyses  were  made  to  detect 
whether  any  differences  in  construction  occurred  for  given  land 
uses  due  to  (1)  geographic  region  and  (2)  urban  area  size.  From 
these  results  lists  of  typical  urban  areas  were  developed. 

From  these  basic  data  it  was  then  possible  to  draw  total  mortality 
and  total  injury  curves  for  an  unwarned  population  (daytime)  for 
each  of  the  ten  typical  urban  areas.  These  curves  are  presented 
for  surface  and  the  Hiroshima  scaled  height  of  burst  (846  feet) 
and  for  yields  of  0.4,  1,  4,  10,  25,  and  50  Mt.  Capability  is 
also  provided  for  estimating  casualties  in  a  nighttime  and  a 
warned  configuration. 

With  this  set  of  casualty  curves  clasa:xied  by  typical  urban  area 
and  with  land-use  maps  for  the  various  cities  of  interest  across 
the  country,  one  is  in  a  position  to  make  both  a  practical  and 
realistic  casualty  assessment  on  a  national  scale. 
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CHAPTER  I 


INTRODUCTION  AND  SUMMARY 

An  extensive  set  of  casualty  curves  categorized  by  shielding  type 
or  building  construction  was  developed  by  Dikewood  under  Contract  No. 
OCD-OS-62-203.  Quite  an  accurate  casualty  assessment  could  be  made  on 
the  basis  of  such  curves.  However,  there  is  one  primary  drawback  for  a 
national  casualty  assessment  program;  the  details  would  be  too  voluminous 
to  be  practical.  Thus,  one  must  enlarge  the  basic  unit  from  building-by¬ 
building  casualty  curves  to  area-by-area  casualty  curves.  The  develop¬ 
ment  of  the  ’’typical"  areas,  determined  by  the  land  use  and  the  types  of 
building  construction,  is  the  subject  of  this  contractual  effort. 

The  diversity  of  urban  areas  in  the  United  States  is  so  large  that 
the  description  of  one  typical  area  is  impossible.  Even  when  the  general 
urban  land  use  such  as  residential,  commercial,  etc.  is  specified,  the 
diversity  still  remaining  precludes  any  precise  description  of  one  typical 
area  for  each.  However,  by  assigning  several  typical  areas  (to  be  deter¬ 
mined  during  this  study)  to  each  general  urban  land  use,  the  probability  of 
being  able  to  represent  accurately  any  particular  urban  area  is  much  higher. 
This  work  involved  the  study  of  urban  areas  in  general  and  a  description  of 
specific  area  types  in  terms  of  building  construction. 

The  primary  source  for  information  concerning  buildi..fr*  construction 
and  use  throughout  the  United  States  is  the  Sanborn  maps  (drawn  to  scale). 
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utilized  primarily  by  the  fire-insurance  underwriters.  Specific  types  of 
areas  within  selected  cities  were  chosen  for  detailed  study.  Whenever 
possible,  samples  were  included  of  downtown  business  areas,  manufac¬ 
turing  areas,  commercial  (wholesale  and  warehouse)  areas,  and  various 
residential  areas  such  as  apartment -house,  multi-family,  and  single-family 
dwellings.  A  block -by -block,  building-by-building  survey  of  information 
from  the  Sanborn  maps  was  conducted.  Occupancy,  block  area,  total  floor 
area,  height,  number  of  floors,  construction  details,  etc.  were  recorded 
for  each  building  in  the  block  being  surveyed.  These  data  were  punched 
on  IBM  cards,  verified,  and  put  on  magnetic  tape  by  means  of  error- 

jjc 

checking  routines.  Summaries  were  then  made  of  these  data  utilizing 
Dikewood's  IBM- 7044  computer. 

From  these  summaries  statistical  analyses  were  made  to  detect 
whether  any  differences  in  construction  occurred  for  given  land  uses  due 
to  (1)  geographic  region  and  (2)  urban  area  size.  From  these  results 
lists  of  typical  urban  areas  were  developed  and  are  presented  in  Tables  42, 
44,  and  47  for  different  conditions. 

From  these  basic  data  it  was  then  possible  to  draw  total  mortality 
and  total  injury  curves  for  an  unwarned  population  (daytime)  for  each  of 
the  ten  typical  urban  areas  given  in  Table  47.  These  curves  are  presented 

❖ 

Working  summaries  were  developed  giving  listings  by  city  block,  Sanborn 
volume,  urban  area,  urban-area  size,  geographic  region,  and  the  United 
States. 
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in  Figs.  24  through  59  of  Chapter  VHf  for  surface  and  the  Hiroshima 
scaled  height  of  burst  (846  feet)  and  for  yields  of  0. 4,  1,  4,.  10,  25,  and 
50  Mt.  Capability  is  also  provided  for  estimating  casualties  in  a  night¬ 
time  and  a  warned  configuration. 

With  this  sst  of  casualty  curves  classified  by  typical  urban  area 
and  with  land-use  maps  for  the  various  cities  of  interest  across  the  coun 
try,  one  is  in  a  position  to  make  both  a  practical  and  realistic  casualty 
assessment  on  a  national  scale. 
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CHAPTER  n 

SELECTION  OF  URBAN  AREAS 

A.  INTRODUCTION 

This  chapter  describes  the  selection  of  the  urban  areas  to  be  sam¬ 
pled  during  the  study  in  order  to  obtain  a  nationwide  description  of  urban 
building  construction  and  use.  While  it  is  possible  to  list  some  of  the  fac- 
tors  that  influence  urban  building  construction  and  use,  many  other  factors 
will  be  poorly  understood  at  best  and  may  be  limited  to  only  vague  ideas. 

To  improve  the  sampling  process,  the  population  of  urban  buildings  from 
which  the  sample  is  to  be  chosen  can  be  divided,  or  stratified,  according 
to  the  factors  influencing  the  composition  of  the  population.  Then  from  each 
strata  a  small  random  sample  can  be  chosen  and  combined  for  the  required 
sample  of-  urban  areas. 

During  initial  considerations,  a  number  of  factors  were  considered 
for  stratification.  Among  these  factors  were  the  following  items: 

Temperature:  average  maximum  for  January 
average  maximum  for  July 
average  minimum  for  January 
average  minimum  for  July 

Humidity:  average  for  maximum  month 
average  for  minimum  month 

Rainfall:  average  for  maximum  month 
average  for  minimum  month 

Altitude 
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Proximity  to  natural  building  material 
Economic  conditions 
Geographic -climatic  region 
Size  of  the  urban  population 

Age  of  urban  area:  may  be  highly  correlated  with  area  size,  and 
Density  of  the  urban  population. 

While  it  may  appear  desirable  to  stratify  on  all  known  and  seemingly 
important  factors,  practical  sampling  considerations  prevent  the  effective 
use  of  more  than  two  or  three  of  the  most  important  ones.  In  fact,  if  one 
considers  the  representative  list  above,  it  is  obvious  that  a  geographic  - 
climatic  classification  will  include  most  of  the  factors  which  might  influ¬ 
ence  building  construction.  Therefore,  for  this  study  two  characteristics 
of  the  urban  areas  in  the  United  States  were  chosen  for  stratification  purposes. 
These  were  (1)  the  geographic -climatic  region  and  (2)  the  size  of  the  urban 
population.  A  brief  discussion  and  justification  of  these  variables  are  given 
below. 

In  addition  to  the  geographic -climatic  region  and  urban  population, 
two  other  secondary  factors  were  chosen  for  broad  and  uniform  represen¬ 
tation  in  the  final  sample.  These  were  (1)  the  density  of  the  urban  popula¬ 
tion  and  (2)  the  average  temperatures  experienced  in  the  contiguous  United 
States.  A  brief  discussion  of  the  importance  of  these  variables  is  also 


given  below. 
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Finally,  if  the  four  factors  noted  above  seemed  equal  for  two  or 
more  urban  areas,  the  choice  was  made  on  the  basis  of  target  information 
as  contained  in  The  Probable  Fallout  Threat  over  the  Continental  United 
States  (Ref.  1 ). 

The  geographic -climatic  region  determines  the  type  of  construction 
required.  For  example,  the  colder  regions  such  as  the  Dakotas  and  Minne¬ 
sota  require  a  type  of  construction  differing  considerably  from  that  required 
along  the  Gulf  Coast.  The  geographic -climatic  region  also  influences  the 
variety  and  kinds  of  building  materials  available  for  local  use.  As  an  exam¬ 
ple,  the  dry  Southwest  uses  adobe  quite  extensively  while  the  southeastern 
states  use  much  native  yellow  pine. 

Depending  on  the  definition,  about  215  localities  in  the  United  States 
had  a  population  above  50,  000  in  1960.  The  largest  of  these  (New  York  and 
northeastern  New  Jersey)  had  a  population  of  over  14, 000,  000.  The  height 
of  office  buildings  in  the  central  business  districts  should  also  be  directly 
related  to  the  urban  population.  As  an  example,  buildings  with  more  than 
twenty  floors  are  seldom  found  in  a  city  of  less  than  500,  000  inhabitants 
while  most  larger  cities  have  buildings  of  this  height. 

The  population  density  of  central  cities  varies  from  over  24,  000  per 
square  mile  on  Manhattan  Island  (New  York)to  400  per  square  mile  in  a  city 
of  Maine.  The  height  of.  residential  buildings  should  also  be  directly  related 
to  the  population  density.  As  an  example,  it  is  impossible  to  house  24,  000 
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per  square  mile  in  single -family  dwellings;  likewise,  it  is  impossible  to 
utilize  multifloored  apartment  buildings  in  cities  with  densities  of  only  400 
per  square  mile. 

Finally,  a  wide  range  of  te  nperatures  (particularly  within  each 
geographic -climatic  region)  will  assure  better  representation  of  the  type 
of  construction  required  and  of  the  materials  that  are  locally  available. 

The  survey  effort  assigned  to  each  urbanized  area  must  be  subdi¬ 
vided  by  land-use  areas.  Since  the  resulting  summaries  may  be  used  tG 
describe  all  cities  in  the  contiguous  United  States,  the  survey  effort  must 
also  be  proportioned  according  to  the  population  to  be  represented.  For 
example,  since  about  66  percent  of  the  urban  population  lives  east  of  the 
Mississippi  River,  then  about  86  percent  of  the  survey  effort  should  be  in 
that  area.  Similarly,  since  about  54  percent  of  the  urban  population  lives  in 
cities  larger  than  500,  000,  then  about  54  percent  of  the  survey  effort  should 
be  in  urban  areas  of  that  size.  Such  an  allocation  is  necessary  to  minimize 
errors  in  the  use  of  the  sample  summaries  representing  U.  S.  cities. 

B.  GEOGRAPHIC -CLIMATIC  REGIONS 

Building  size  and  construction  varies  widely  throughout  the  contig 
uous  United  States.  By  dividing  the  United  States  into  smaller  geographic 
regions,  summaries  of  building  size  and  construction  will  better  represent 
local  conditions  and  needs  and  hence  be  more  homogeneous  within  any  one 
area  than  for  the  country  as  a  whole.  Any  division  of  the  states  into  small 
groups  will  be  somewhat  arbitrary  and  probably  based  unconsciously  on 
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traditional  state  groupings.  However,  there  are  four  principles  that  must 
guide  the  selection  of  the  geographic-climatic  regions  for  this  study.  These 
are  as  follows: 

(1)  The  states  should  be  contiguous; 

(2)  They  may  have  something  in  common, 
such  as  a  shore  line; 

(3)  They  should  have  some  basic  climatic 
similarities;  and 

(4)  They  should  have  some  basic  economic 
similarities. 

The  Bureau  of  the  Census  has  established  geographic  divisions  of 
the  states  for  purposes  of  the  population  census.  These  divisions  are  shown 
in  Fig.  1.  Since  some  of  these  divisions  exhibit  the  characteristics  con¬ 
sidered  desirable  for  this  study,  this  set  is  taken  as  a  point  of  departure. 
Moving  from  right  to  left  in  Fig.  1,  the  first  division  that  might  exhibit  too 
much  diversity  in  building  construction  is  the  South  Atlantic.  To  forestall 
this  possibility,  the  South -Atlantic  division  was  subdivided  into  two  divisions 
as  shown  in  Fig.  2. 

Other  divisions  that  might  exhibit  too  much  diversity  in  building 
construction  are  the  Mountain  and  Pacific  divisions.  To  forestall  this  pos¬ 
sibility  and  to  create  divisions  with  more  of  the  characteristics  considered 
desirable  for  this  study,  these  two  divisions  were  combined  and  then  redi¬ 
vided  into  three  divisions  as  shown  in  Fig.  2. 
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As  noted  above,  any  set  of  divisions  will  be  somewhat  arbitrary, 
but  the  set  illustrated  in  Fig.  2  seems  to  possess  more  of  the  character¬ 
istics  considered  desirable  than  any  other  set  readily  discernible. 

C.  URBAN  DEFINITIONS 

As  noted  in  the  introduction,  the  choice  of  cities  within  a  geographic  - 
climatic  region  must  be  based  on  population  and,  to  a  lesser  degree,  on 
population  density.  There  are  four  definitions  for  population  groupings  that 
should  be  considered.  They  are  (1)  the  standard  metropolitan  statistical 
area,  (2)  the  urbanized  area,  (3)  the  urban  place,  and  (4)  the  nonover¬ 
lapping  trade  area.  The  definitions  of  these  population  groupings  are  given 
below. 

A  standard  metropolitan  statistical  area  (SMSA)  is  a  county  or  group 
of  contiguous  counties  that  contains  at  least  one  city  of  50, 000  inhabitants 
or  more,  or  "twin  cities"  with  a  combined  population  of  at  least  50, 000.  In 
addition  to  the  county  (or  counties)  containing  such  a  city  (or  cities),  con¬ 
tiguous  counties  are  included  in  an  SMSA  if,  according  to  certain  criteria 
of  the  Bureau  of  the  Census,  they  are  essentially  metropolitan  in  character 
and  are  socially  and  economically  integrated  with  the  central  city. 

An  urbanized  area  contains  at  least  one  city  of  50,  000  inhabitants 
or  more,  or  "twin  cities"  with  a  combined  population  of  at  least  50,  000. 

In  addition  to  its  central  city  or  cities,  an  urbanized  area  also  contains 
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the  incorporated  and  unincorporated  closely-  settled  contiguous  areas  that 
together  constitute  its  urban  fringe.  The  urbanized  area  can  be  character¬ 
ized  as  the  physical  city  as  distinguished  from  both  the  legal  city  and  the 
metropolitan  community.  In  general,  urbanized  areas  represent  the  thickly 
settled  core  of  the  SMSA's. 

An  urban  place  is  a  concentration  of  population  regardless  of  the 
existence  of  legally  prescribed  limits,  powers,  or  functions.  However, 
most  urban  places  are  incorporated  as  cities,  towns,  villages,  or  bor¬ 
oughs.  Many  of  the  political  and  geographical  subdivisions  of  an  urbanized 
area  are  themselves  classified  as  urban  places,  as  are  the  larger  unincor¬ 
porated  places  outside  the  urbanized  areas. 

The  nonoverlapping  trade  area  is  the  area  contiguous  to  an  urbanized 
area  that  depends  on  the  urbanized  area  for  its  goods  and  services.  In  gen¬ 
eral,  such  areas  are  not  precisely  defined,  and  few  statistics  are  available 
to  describe  them.  However,  the  precise  delineation  of  such  areas  would 
tell  much  about  the  size  and  character  of  the  commercial  and  business  areas 
of  a  city. 

No  one  of  the  four  definitions  given  above  satisfies  all  of  the  require¬ 
ments  of  this  study.  For  example,  the  SMSA  includes  integral  counties  which 
may  include  much  farm  land.  Hence,  the  population  density  for  an  SMSA  may 
be  lower  than  the  density  for  the  corresponding  urbanized  area  or  principal 
urbanized  place  within  the  area.  Likewise,  the  population  density  for  the 
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urbanized  area  may  not  represent  the  higher  densities  to  be  found  in  the 
core  city.  On  the  other  hand,  the  population  of  the  core  city  may  repre¬ 
sent  only  a  small  fraction  of  the  total  urban  population.  Example  i  of  such 
extremes  are  illustrated  by  El  Paso,  Texas,  and  San  Jose,  California. 


TABLE  1 

EXAMPLES  OF  POPULATION  EXTREMES  IN  URBAN  AREAS 


City  Population 


El  Paso  276,  687 

Urban  fringe  441 

San  Jose  204, 196 

Urban  fringe  398,  609 


The  population  of  the  urbanized  area  was  chosen  for  all  population 
comparisons  in  this  study.  This  population  should  more  nearly  represent 
the  true  population  influence  on  the  character  of  the  central  business  and 
commercial  districts. 

The  population  density  of  the  core  city  of  the  urbanized  area  was 
also  chosen  for  all  density  comparisons.  This  density  should  more  nearly 
represent  the  true  influence  of  the  population  density  on  the  character  of 
the  residential  cireas  of  most  concern  in  civil-defense  planning. 
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D.  URBAN-AREA  STATISTICS 

With  the  geographic -climatic  regions  as  fcfce  basis  for  classification,, 
all  urbanized  areas  with  more  than  50, 000  inhabitants  were  listed,  and  the 
following  statistics  were  collected  for  each: 

(1)  Population  of  the  urbanized  area, 

(2)  Population  density  of  the  core  city, 

(3)  Average  high  temperature  for  July,  and 

(4)  Average  low  temperature  for  January. 

The  source  of  the  population  statistics  was  the  United  States  Census  of 
Population:  I960,  Number  of  Inhabitants  (Ref.  2).  The  source  of  the  tem¬ 
perature  statistics  was  a  pair  of  maps  published  in  1960  'by  the  United  States 
Department  of  Commerce,  Weather  Bureau,  Office  of  Climatology,  which 
may  be  identified  by  the  following  Dewey  Decimal  number:  551.  5250973. 

E.  URBAN-SIZE  DEFINITIONS 

To  define  large,  medium,  and  small  urbanized  areas,  the  two  or 
three  largest  areas,  the  median  and  one  or  two  areas  on  either  side  of  the 
median,  and  the  two  or  three  smallest  urbanized  areas  from  each  geographic 
climatic  region  were  tabulated.  To  be  satisfactory  it  was  felt  that  each  geo¬ 
graphic-climatic  region  should  have  at  least  one  city  in  each  size  category. 
The  following  definitions  were  then  made: 

Large  urbanized  area- -Greater  than  500,000 
inhabitants. 
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Medium  urbanized  area — Between  500, 000 
and  100,  000  inhabitants,  and 

Small  urbanized  area- -Between  100, 000  and 
50,  000  inhabitants. 

In  addition,  the  following  definition  was  made  for  completeness: 

Very- small  urbanized  area- -Between 
50, 000  and  2,  500  inhabitants. 

The  data  in  Tables  2  and  3  were,  then  assembled  from  these  definitions. 

F.  SAMPLING  PROBLEMS 

As  shown  in  Table  3,  fourteen  of  the  thirty -three  size -location 
groups  have  three  cities  or  less.  In  the  small  urbanized-area  group  in 
the  Lower-South-Atlantic  region,  there  is  only  one  city  (Albany,  Georgia). 
These  small  groups  make  true  statistical  sampling  difficult. 

In  selecting  a  large,  medium,  and  small  urbanized  area  from  each 
region,  it  was  hoped  that  high,  medium, and  low  densities  and  a  reason¬ 
able  temperature  spread  could  also  be  represented.  Often  this  goal  was 
not  achieved  due  primarily  to  the  small  group  size  previously  discussed 
and  to  the  tendency  of  eastern  cities  to  be  densely  populated  while  western 
cities  (with  a  few  exceptions)  tend  to  be  sparsely  populated. 

Finally,  if  two  indistinguishable  choices  existed,  the  urbanized 
area  with  the  higher  target  rating  was  selected  for  the  survey.  Again,  the  1 
small  size  of  some  groups  made  it  very  difficult  to  include  sufficient  target 
cities.  In  an  effort  to  include  a  few  such  urbanized  areas,  the  selection 
principles  discussed  above  were  sometimes  relaxed. 
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TABLE  2 

PHYSICAL  PARAMETERS  OF  CITIES  BY  SI ZZ  CATEGORY 


Population  Limits 
Upper  Lower 

Number 
of  Cities 

Total 

Population 

Percent  of 
Urban  Population 

Large 

— 

500, 000 

❖ 

42 

67, 151,211 

53.  6% 

Medium 

500, 000 

100, 000 

** 

115 

24, 104,  377 

1,9. 2% 

Small 

100, 000 

50,  000 

60 

4,  592, 899 

3.7% 

Very  Small 

50, 000 

2,500 

~5000 

29,  420,263 

23.  5% 

TOTAL  125, 268,  750 


The  New  York  area  was  considered  to  be  four  urbanized  areas,  and  the 
Chicago  area  was  considered  to  be  two  urbanized  areas. 


Includes  Honolulu,  Hawaii. 


f 
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TABLE  3 

NUMBER  OF  CITIES  BY  SIZE -LOCATION  CATEGORY 


Geographic-  _ Number  of  Cities 


Climatic  Region 

Large 

Medium 

Small 

Total 

New  England 

2 

13 

7 

22 

Middle  Atlantic 

7 

14 

3 

24 

Upper  South  Atlantic 

3 

9 

5 

17 

Lower  South  Atlantic 

2 

14 

1 

17 

East  North-Central 

9 

19 

16 

44 

West  North-Central 

3 

9 

6 

18 

East  South -Central 

3 

7 

3 

13 

West  South-Central 

5 

15 

12 

32 

Mountain  Southwest 

2 

6 

2 

10 

Pacific  Northwest 

2 

2 

3 

7 

Pacific  Southwest 

4 

* 

6 

** 

2 

12 

TOTAL 

42 

114 

60 

216 

The  New  York  area  was  considered  to  be  four  urbanized  areas,  and  the 
Chicago  area  was  considered  to  be  two  urbanized  areas. 

Does  not  include  Honolulu,  Hawaii. 
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G.  SELECTION  OF  CITIES 

In  nearly  all  regions  the  urbanized  areas  selected  possess  an  ele¬ 
ment  of  arbitrariness,  illustrated  by  the  fact  that  three  Dikewood  personnel 
selected  three  separate  sets.  The  intersection  of  any  two  of  these  sets  was 
equivalent  to  approximately  50  percent  of  the  total  number  of  cities  selected. 
The  final  list  of  urbanized  areas  for  the  survey  represents  a  compromise 
selection  from  all  three  individual  lists.  Although  the  list  selected  for  the 
survey  can  nc.  »>e  rigorously  defended,  it  would  be  difficult  to  produce  one 
significantly  better. 

After  plotting  the  large,  medium,  and  small  urbanized  areas  from 
each  geographic -climatic  region  on  a  map,  it  was  evident  that  certain  geo¬ 
graphic  areas  were  inadequately  represented.  To  better  represent  these 
areas,  ten  very- small  urbanized  areas  were  also  selected  for  the  survey. 
All  urbanized  areas  are  shown  on  the  map  in  Fig.  3.  (The  numbers  cor¬ 
respond  to  the  cities  listed  in  Table  4. )  The  cities  of  Brooklyn,  St.  Louis, 
and  Albuquerque  were  later  added  to  this  original  list  in  order  to  salvage 
the  data  which  had  been  obtained  for  them  during  a  previous  contractual 
effort  (Contract  No.  OCD-OS-62-203). 

H.  ALLOCATION  OF  CITY  BLOCKS 


The  survey  effort  must  be  allocated  to  the  several  urbanized  areas; 
that  is,  the  number  of  city  blocks  to  be  examined  in  each  must  be  chosen. 
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UNITED  STATES 


TABLE  4 


BLOCK  ALLOCATIONS  AND  PHYSICAL  PARAMETERS 
OF  SELECTED  URBAN  AREAS 


Selected  Cities 

Population 

1. 

Chicago,  HI. 

6,220,913 

2. 

San  Francisco,  Calif. 

2,430,  663 

3. 

Boston,  Mass. 

2,413,236 

4. 

Washington,  D.  C. 

1,808,  423 

5. 

Minneapolis,  Minn. 

1,377,  143 

6. 

Houston,  Tex. 

1,  139,  678 

7. 

Miami,  Fla. 

852,705 

8. 

Denver,  Colo. 

803,  624 

9. 

Portland,  Ore. 

651, 685 

10. 

Jersey  City,  N.  J. 

610, 734 

11. 

Louisville,  Ky. 

606,  659 

12. 

Omaha,  Nebr. 

389, 881 

13. 

Wichita,  Kan. 

292, 138 

14. 

Wilmington,  Del. 

283,  687 

15. 

Mobile,  Ala. 

268,  139 

16. 

Tucson,  Ariz. 

227,433 

17. 

Tacoma,  Wash. 

214,930 

18. 

Fresno,  Calif. 

213,  444 

19. 

Little  Rock,  Ark. 

185,017 

20. 

Erie,  Pa. 

177,433 

21. 

Lansing,  Mich. 

169,  325 

22. 

Columbia,  S.  C. 

162,601 

23. 

Waterbury,  Conn. 

141,  626 

24. 

Green  Bay,  Wise. 

97, 162 

2G. 

Abilene,  Tex. 

91,  566 

28. 

Las  Vegas,  Nev. 

89,427 

27. 

Riverside,  Calif. 

84,  332 

28. 

Huntsville,  Ala. 

74, 970 

29. 

High  Point,  N.  C. 

66,  543 

30. 

Laredo,  Tex. 

60, 678 

31. 

Albany,  Ga. 

58,  353 

32. 

Great  Falls,  Mont. 

57,  629 

33. 

Rome,,  N.  Y. 

51,  646 

34. 

Rapid  City,  S.  D. 

42,  399 

35. 

Lewiston,  Me. 

40,  804 

38. 

Minot,  N  D. 

30,  604 

37. 

Johnson  City,  Tenn. 

29,  892 

38. 

Las  Cruces,  N.  M. 

29,  367 

39. 

Weirton,  W.  Va. 

28,201 

40. 

Oarksdale,  Mis" 

21,  105 

41. 

Bend,  Ore. 

11, 936 

42. 

Brigham  City,  Utah 

11,  728 

43. 

Winfield,  Kan. 

1U11I 

TOTAL 

22, 630, 556 

Temperatures  City  Blocks 


Density 

High 

Low 

Allocated 

15,836 

84 

20 

500 

15,  553 

72 

44 

300 

14,  586 

80 

22 

300 

12,442 

87 

28 

260 

8,  546 

85 

5 

240 

2,860 

94 

44 

200 

8,529 

89 

60 

180 

6,956 

87 

17 

180 

5,  546 

80 

32 

160 

21,239 

86 

26 

160 

6,  841 

90 

28 

160 

5,891 

90 

13 

120 

4,907 

92 

20 

100 

6,065 

88 

26 

100 

1,326 

90 

44 

100 

3, 003 

100 

36 

100 

3, 115 

77 

33 

100 

4,  683 

100 

36 

100 

3,810 

94 

32 

80 

7,364 

80 

22 

80 

5, 085 

84 

16 

80 

5,295 

92 

38 

80 

3,882 

84 

18 

80 

3,  743 

82 

8 

60 

1,446 

96 

31 

60 

2,607 

104 

30 

60 

2,077 

80 

20 

60 

1,427 

92 

34 

50 

2,048 

88 

32 

50 

4,495 

100 

46 

50 

2,430 

93 

41 

50 

4,856 

84 

14 

50 

670 

82 

12 

50 

2,701 

88 

9 

40 

1, 166 

80 

10 

40 

4,310 

84 

-6 

4C 

2,742 

84 

28 

40 

3,263 

94 

24 

4-0 

1, 516 

87 

23 

40 

6,030 

94 

35 

40 

2,210 

84 

18 

40 

1,020 

90 

14 

40 

3,833 

95 

24 

40 

4700 
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Again,  some  arbitrariness  is  involved,  but  to  place  the  allocation  on  some 
rational  basis,  the  number  of  blocks  assigned  to  each  large,  medium,  and 
small  urbanized  area  was  computed  as  follows: 

B*  0.2n/p 


where, 

B  =  Number  of  blocks  to  be  examined,  and 
P  =  Urban  population. 

Forty  blocks  were  allocated  to  each  "very-small"  urbanized  area.  The 
results  of  this  block  allocation  are  also  given  in  Table  4. 

After  observing  some  of  the  early  data,  it  was  felt  that  better  re¬ 
sults  could  be  obtained  by  increasing  the  number  of  cities  beyond  the  twenty 
originally  estimated  for  a  better  geographical  coverage.  At  the  same  time, 
it  was  felt  that  the  number  of  blocks  to  be  analyzed  could  be  cut  below  the 
original  estimate  of  6000.  Therefore,  this  cut  was  made  early  so  that  the 
sampling  technique  would  not  be  disturbed  at  a  later  date. 
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CHAPTER  ID 

SELECTION  OF  URBAN  BLOCKS 

A.  INTRODUCTION 

The  Sanborn  maps  were  chosen  as  the  principal  source  of  data  for 
the  building  use  and  construction  survey.  These  maps,  which  are  drawn  to 
scale  (50  to  400  feet  per  inch),  show  size  and  many  construction  and  use 
details  for  all  buildings  in  selected  urban  areas.  A  sample  is  shown  in 
Fig.  4.  Even  a  cursory  examination  of  these  maps  for  a  particular  city 
reveals  the  diversity  of  size,  spacing,  arrangement,  construction,  and  use 
of  the  various  units.  At  first  it  might  seem  that  no  pattern  could  possibly 
exist,  but  from  an  examination  of  a  few  cities,  the  restrictions  necessary 
for  patterns  to  emerge  become  evident. 

One  of  the  first  things  that  is  noted  from  a  detailed  examination  of 
the  Sanborn  maps  for  several  cities  is  that  cities  are  made  up  of  both  homo¬ 
geneous  and  heterogeneous  areas,  that  is,  mixed  in  the  sense  of  building  use 
and  construction.  For  example,  large  lightly- constructed  single -roomed 
buildings  are  characteristic  of  warehouse  areas,  whereas  small  many- 
.oomed  buildings  are  characteristic  of  residential  areas.  These  struc¬ 
tures  are  quite  different,  yet  there  are  urban  areas  where  they  exist  side 
by  side.  Hence,  the  principal  restriction  necessary  for  urban  building 
use  and  construction  patterns  to  emerge  is  the  homogeneity  of  areas  that 
are  to  be  examined  and  described. 


* 


SAMPLE  SANBORN  MAP 
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The  study  of  urban  areas  in  general  and  a  description  of  some  spe¬ 
cific  types  of  homogeneous  areas  in  terms  of  two  criteria,  building  construc¬ 
tion  and  use,  are  the  first  tasks  of  this  study.  Chapter  n  of  this  report 
described  the  selection  of  a  sample  of  urban  areas.  This  chapter  describes 
the  selection  of  blocks  within  an  urban  area. 

B.  LAND-USE  SURVEY 

After  the  urban  areas  were  selected  as  previously  described,  spe¬ 
cific  blocks  within  each  area  were  selected  for  the  survey.  The  regions 
within  an  urban  area  that  are  homogeneous  with  respect  to  building  use 
and  construction  may  be  classified  broadly  into  three  general  categories: 
retail -office,  manufacturing- commercial,  and  residential.  In  some  cities, 
particularly  the  larger  ones,  residential  areas  may  be  further  divided  into 
single-unit  and  multiple-unit  dwellings.  These  four  gene  al  land-use  clas¬ 
sifications  formed  the  basis  for  selecting  specific  urban  blocks  for  this 
study. 

For  some  cities,  it  is  possible  to  subdivide  these  four  classifi¬ 
cations  into  more  precise  categories.  The  subdivisions  chosen  for  this 
study  are  naturally  arbitrary,  but  they  do  represent  considerable  expe¬ 
rience  and  knowledge  of  urban  areas.  The  four  major  classifications 
and  the  subdivisions  that  were  considered  desirable  for  this  study  are 


given  in  Table  5. 
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TABLE  5 

TYPICAL  LAND  USES 


1 .  Retail  and  Office 

a.  "Downtown"  or  center  of  the  major  business  area 

b.  Satellite  or  suburban  shopping  and  office  area 

2.  Commercial 

a.  Light  manufacturing 

b.  Heavy  manufacturing 

c.  Warehouses 

3.  Residential- -Multiple -Unit  Dwellings 

a.  More  than  two -story  (high)  apartment  buildings 

b.  One-  and  two -story  (low)  multiplexes 

4.  Residential- -Single-Unit  Dwellings 

a.  Large  residences,  greater  than  2000  sq  ft 

b.  Small  residences,  less  than  2000  sq  ft 

c.  Run-down  (blighted)  residential  area 

❖ 

Code  is  given  as  la. 
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All  of  these  categories  are  self- explanatory  with  the  possible  excep¬ 
tion  of  category  4c,  the  blighted  residential  area.  This  category  was  orig¬ 
inally  meant  to  be  included  in  the  single -unit  residential  dwellings;  however, 
many  of  the  replies  obtained  from  the  land-use  survey  categorized  slum 
areas  such  as  Harlem  as  blighted  residential  areas.  Since  such  areas  con¬ 
tain  many  high-rise  apartment  buildings,  construction  such  as  brick  and 
American  reinforced  concrete  were  overemphasized.  Due  to  this  dual 
meaning  applied  to  blighted  residential  areas,  this  category  eventually  had 
to  be  deleted  from  the  list  of  land  uses  as  described  in  the  concluding 
remarks  of  Chapter  VI. 

The  selection  of  the  urban  areas  and  the  allocation  of  effort  to  these 
areas  according  to  their  population,  as  shown  in  Table  4,  was  discussed  in 
Chapter  n.  This  allocation  of  effort,  which  was  stated  in  terms  of  the  spe¬ 
cific  number  of  blocks  to  be  surveyed  in  each  urban  area,  was  further  sub¬ 
divided  among  the  land-use  classifications  and  subdivisions  of  Table  5. 

The  principal  problem  in  this  phase  of  the  study  was  the  selection,  according 
to  this  final  allocation,  of  specific  blocks  for  examination  in  each  of  the 
urban  areas.  Without  detailed  information  on  land  use  in  each  urban  area, 
specific  blocks  could  not  be  selected;  hence,  specific  volumes  of  Sanborn 
maps  could  not  be  selected  and  ordered  for  the  building  use  and  construc¬ 
tion  survey.  To  provide  land-use  data,  a  preliminary  land-use  survey  was 


required. 
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In  planning  the  land-use  survey,  the  first  two  problems  concerned 
(1)  the  specific  cities  that  were  to  be  surveyed  and  (2)  the  method  of  per¬ 
forming  the  survey.  For  most  cities  below  100, 000  population,  Sanborn 
provides  only  one  volume  of  maps.  Thus,  for  twenty  of  the  urban  areas 
there  was  no  question  concerning  which  Sanborn  volumes  to  order.  In 
addition,  project  personnel  possessed  sufficient  knowledge  of  land  use 
in  three  other  urban  areas --Minneapolis,  Denver,  and  Wichita- -for  the 
building  use  and  construction  survey.  Hence,  land -use  information  was 
needed  for  only  about  one -half  of  the  urban  areas. 

A  direct -mail  survey  was  chosen  since  it  was  much  less  expensive 
than  personal  trips  to  each  of  the  cities.  The  first  problem  presented  by  a 
mail  survey  was  who  to  contact  in  each  city.  The  person  or  organization 
contacted  had  to  have  some  knowledge  of  land  use.  Urban-planning  offices 
have  detailed  knowledge  of  land  use,  but  n  )t  all  ciUes  have  planning  offices. 
City  governments  might  be  able  to  supply  land -use  information,  but  they 
may  also  be  unaccustomed  to  answering  such  questions,  thus  decreasing 
the  probability  of  an  acceptable  response.  Another  public  (but  not  neces¬ 
sarily  governmental)  organization  was  needed.  Since  most  urban  areas 
have  a  Chamber  of  Commerce,  this  organization  was  chosen  as  the  source 
of  land-use  information.  Chambers  of  Commerce  know  their  respective 
urban  areas  well  and  are  accustomed  to  answering  similar  questions.  In 
addition  to  these  attributes,  the  Albuquerque  Chamber  of  Commerce  was 


r 
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able  to  supply  the  name  and  address  of  the  executive  secretary  of  any  Cham¬ 
ber  of  Commerce  in  the  United  States.  As  with  any  direct-mail  survey, 
personal  correspondence  with  a  specific  individual  rather  than  with  an  office 
enhances  the  probability  of  a  satisfactory  reply. 

For  this  study  a  detailed  description  of  land  use  was  not  required; 
a  simple  indication  of  where  typical  areas  existed  according  to  the  defini¬ 
tions  of  Table  5  was  considered  to  be  sufficient.  The  survey  letter  asked 
for  typical  areas  to  be  marked  on  a  city  map  and  sent  to  Dikewood.  A 
copy  of  Table  5  and  a  sample  map  of  Albuquerque  appropriately  marked 
were  enclosed  with  each  survey  letter. 

The  useable  survey  response  of  approximately  70  percent  was 
about  average  for  this  type  of  direct- mail  approach.  The  results  of  this 
land-use  survey  were  most  useful  in  locating  homogeneous  areas  for  the 
building  use  and  construction  survey. 

C.  SELECTION  OF  BLOCKS 

It  was  soon  discovered  through  experien„  vie  Sanborn 

volume  would  yield  on  the  average  no  more  than  60  blocks  in  homogeneous 
land-use  groups.  It  was  also  found  that  a  trained  map  reader  could  read, 
measure,  and  record  the  data  for  approximately  40  urban  blocks  per'  week. 
The  results  of  the  land-use  survey,  together  with  the  above  data,  permitted 
efficient  and  systematic  ordering  of  Sanborn  volumes  to  yield  the  specific 
land-use  areas  needed  for  the  building  use  and  construction  survey. 
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As  each  volume  of  Sanborn  maps  arrived,  the  homogeneous  areas 
were  located  and  correlated  with  the  results  of  the  land -use  survey.  Spe¬ 
cific  homogeneous  areas  of  six  or  more  contiguous  blocks  were  then  selected 
for  the  survey.  When  blocks  were  poorly  defined  as  in  industrial  regions, 
areas  equivalent  to  six  or  more  well-defined  blocks  nearby  were  selected. 
When  homogeneous  areas  could  not  be  found,  mixed  areas  with  a  high  per¬ 
centage  of  one  basic  land  use  were  selected. 

The  number  and  size  of  contiguous  areas  chosen  from  each  volume 
depended  on  the  area  types  available  in  the  volume  and  the  area  types  re¬ 
quired  to  complete  the  survey  of  the  particular  city.  A  few  volumes  from 
the  larger  cities  contained  little  more  than  one  large  homogeneous  area. 

Thus„  in  a  few  cases  a  very  large  contiguous  area  representing  a  single 
lar.d-use  category  was  chosen  for  the  survey.  For  small  and  very- small 
urban  areas,  homogeneous  areas  as  large  as  six  blocks  were  sometimes 
difficult  to  find.  Although  some  cities  did  not  contain  all  types  of  land-use 
areas,  as  many  types  as  existed  were  included  in  the  building  use  and  con¬ 
struction  survey  for  each  city  studied. 

D.  SANBORN  MAPS 

The  Sanborn  Map  Company  has  been  surveying  the  di  stribucion  and 
characteristics  (use  and  construction)  of  urban  buildings  and  mapping  this 
information  for  fire-insurance  companies  for  almost  100  years.  The  basic 
purpose  for  preparing  these  maps  was  to  provide  fire  -insurance  underwriters 
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with  the  building  use  and  structural  data  necessary  for  evaluating  fire  risks 
and  insurance  rates.  The  Sanborn  maps  seldom,  if  ever,  cover  all  of  an 
urban  area.  Instead,  they  cover  primarily  the  congested  areas  where  ground 
cover  is  high  and  the  fire  risks  at  one  site  may  affect  the  risks  at  adjacent 
sites. 

All  of  the  information  recorded  on  these  maps  concern  fire  risks 
and  in  some  way  affect  fire-insurance  rates.  Hence,  it  is  incidental  (but 
fortunate)  that  these  maps  contain  information  useful  for  this  study.  In 
some  cases,  information  considered  necessary  for  the  building  use  and 
construction  survey  may  not  be  recorded  on  the  maps.  Similarly,  much 
information  considered  unnecessary  for  the  survey  may  also  appear  on  the 
maps. 

When  the  Sanborn  maps  are  evaluated  as  the  data  source  for  the 
survey,  one  apparent  defect  is  the  limited  area  covered  by  the  maps.  Since 
the  maps  are  basically  used  for  estimating  fire  risks,  those  areas  sufficiently 
congested  to  be  fire  hazards  are  the  primary  ones  to  be  mapped.  Recent 
suburban  developments  and  even  older  residential  areas  where  the  built- 
up  fraction  is  low  are  seldom  mapped.  All  retail,  commercial,  and  manu¬ 
facturing  areas,  as  well  as  most  high-rise  apartment  areas,  are  mapped. 
Most  of  the  areas  that  are  not  mapped  by  Sanborn  are  the  newer  residential 
areas.  Table  6  illustrates  this  defect  by  presenting  both  the  approximate 
areas  mapped  by  Sanborn  and  the  urban  area  given  by  the  Bureau  of  the 
Census  (1960)  for  several  cities  chosen  at  random  from  Table  4. 
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TABLE  6 

COMPARISON  OF  URBAN  AREAS 


City 

Urban  Area  (sq  mi) 
Central  City  Total 

Area  Covered  by 
Sanborn  Maps  (sq  mi 

Minneapolis  - 

St.  PauL  Minn. 

108.  7 

657.  3 

116.8 

Denver,  Colo. 

71.0 

166.  6 

46.  6 

Wichita,  Kan. 

51.9 

79.  7 

24.  3 

Erie,  Pa. 

18.8 

56.  7 

13,9 
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CHAPTER  IV 

DATA  RECORDED 

A.  ESSENTIAL  INFORMATION 

The  information  considered  essential  for  each  block  surveyed  may 
be  grouped  into  three  categories: 

(1)  Location  data 

(a)  City 

(b)  Street  boundaries 

(2)  Classification  data  (lard  use) 

(3)  Dimensional  data 

(a)  Map  scale 

(b)  Street  lengths 

(c)  Street  widths 

(d)  Block  areas 

In  addition,  the  following  block  information  was  necessary  for  quality 
control  of  the  reading  process: 

(1)  Sanborn  volume  number 

(2)  Sanborn  page  number 

(3)  Sanborn  block  number 

(4)  Data  sheet  number 

(5)  Building  street  address 

(6)  Reader's  initials 

All  of  the  above  block  information  were  copied  directly  or  obtained  by  simple 
measurements  from  the  Sanborn  maps. 


I 
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To  describe  a  building  the  following  information  was  also  recorded: 

(1)  Number  of  floors 

(2 )  Building  height 

(3)  Building  ground  area 

(4)  Building  use 

(5)  Building  construction 

With  the  exception  of  some  residential  structures  {houses,  garages,  sheds, 
etc. ),  the  number  of  floors  for  building  was  usually  recorded  on  the  Bar. 
born  maps.  When  the  number  of  floors  was  not  recorded,  it  was  often 
cbviou  -  that  the  structure  had  only  a  single  floor.  The  height  of  a  building 
was  recorded  for  approximately  10  percent  of  the  total  structures,  but  for 
approximately  33  percent  of  the  non- residential  structures. 

In  addition  to  the  block  and  building  information  required  for  the 
building  use  and  construction  survey,  the  following  census  location  and 
population  data  were  recorded  for  each  block: 

(1)  Data  sheet  number 

(2)  Standard  location  number 

(3)  Census  tract  number 

(4)  Census  block  number 

(f>)  Block  residential  population 

(6)  Standard  location  population 

(a)  Residential 

(b)  Day 

(c)  Night 
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B.  AREA-SCALE  READER 

Building  areas  were  obtained  by  measurements  from  the  Sanborn 
maps  (drawn  to  scale).  For  these  measurements  Dikewood  designed  an 
area- scale  reader.  This  reader  consisted  of  many  simple  hyperbolas 
plotted  with  the  positive  x-  and  y-axes  as  asymptotes  on  transparent 
plastic  sheets.  The  hyperbolas,  or  isograms,  represented  equal  rectan¬ 
gular  areas.  Figure  5  illustrates  the  reader  concept  and  its  use.  As 
shown  in  Fig.  5,  the  intersection  of  the  axes  (origin)  was  positioned  over 
the  corner  of  a  rectangular  building  with  the  axes  lying  along  two  of  the 
building’s  sides.  The  area  of  the  building  was  then  determined  by  iden¬ 
tifying  the  area  isogram  that  passed  over  the  corner  opposite  the  origin. 

Since  most  structures  have  an  irregular  shape,  the  area  recorded  for  a 
building  was  usually  the  sum  or  difference  of  tv/o  or  more  individual 
readings.  Such  a  sum  or  difference  would  be  required  for  the  building 
shape  illustrated  in  Fig.  5. 

A  program  was  prepared  for  Dikewood’ s  IBM -7044  computer  to 
calculate  the  points  on  216  area  isograms,  of  which  139  were  plotted  on  a 
100  foot-per-inch  scale  to  produce  a  master  reader.  This  master  was 
then  photographically  reduced  to  both  J00  and  400  foot-per-inch  scales. 

In  general,  all  building  ground  areas  were  read  with  the  400  foot-per-inch 
reader,  and  all  land  or  block  areas  were  read  with  the  200  foot-per-inch 
reader.  True  areas  were  later  computed  by  multiplying  these  measured  or 
recorded  areas  by  the  square  of  the  ratio  of  the  map  scale  to  the  reader  scale. 
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C.  BUILDING  USE 

The  building  use,  recorded  on  the  Sanborn  maps  for  at  least  99 
percent  of  the  buildings,  was  coded  and  recorded  on  the  data  sheets.  To 
minimize  translation  problems,  the  Sanborn  use  codes  were  utilized  when 
possible.  These  codes  are  summarized  in  Table  7.  When  the  building  use 
was  not  recorded,  the  map  readers  assumed  one  based  on  size,  location, 
land  use,  and/or  surrounding  structures.  If  this  procedure  failed,  the 
building  in  question  was  coded  commercial. 

D.  BUILDING  CONSTRUCTION 

Since  structure  is  the  primary  basis  for  fire-insurance  rates,  some 
construction  information  was  always  recorded  for  each  building  mapped. 
Sometimes  the  information  recorded  was  difficult  or  impossible  to  interpret 
as,  for  example,  the  building  that  had  load-bearing,  brick-curtain  walls. 
Sometimes  construction  was  assumed;  for  example,  dwellings  were  always 
wood  frame  unless  otherwise  noted  on  the  maps.  For  each  building  included 
in  the  use  and  construction  survey,  one  to  three  construction  codes  were 
used  to  summarize  the  construction  data  recorded  on  the  Sanborn  maps. 
These  codes  are  summarized  in  Table  8. 

Some  of  the  construction  codes  were  designated  primary  construction 
codes.  Others  were  designated  secondary  codes  while  the  remainder  were 
designated  tertiary  codes.  If  more  than  one  code  were  required  to  describe 
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TABLE  7 

BUILDING  USE  CODES 


A  Auto  garage  (private) 

AD  Auto,  first  floor;  dwelling,  second  floor 

APT  Apartment 

APTS  Apartment 

AUD  Auditorium,  movie,  library,  lodge,  bowling  alley, 
or  hall 

B  Bank 

C  Church 

CL  Club  (YMCA,  Salvation  Army,  etc. ) 

COM  Commercial,  small  repair,  or  service  business 

(including  Chamber  of  Commerce,  clinic,  tire  repair, 
plumbing,  undertaker,  auto  sales,  parking,  laundry, 
laboratory,  ice  house,  packing  plant,  loft,  etc. ) 

D  Dwelling 

F  Flat 

G  Garage 

GO  Gas  and  oil 

GOV  Government 

H  Hotel 

HOSP  Hospital 

M  Motel 

MFG  Manufacturing 

O  Office 

P  Park 

R  Rooming  and  boarding  house,  boys  home,  girls  home, 

nursing  home,  etc. 

REST  Restaurant 

S  Store 
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TABLE  7  (Continued) 

BUILDING  USE  CODES 

SD  Store,  department 

SCH  School 

SHED  Shed 

SHEDS  Shed 

SS  Service  station 

T  Tenement 

TELE  Telephone  exchange 

U  Utility 

V  Vacant 

VO  Vacant  and  open 

WHO  Warehouse,  produce  house,  grain  elevator,  etc. 


-39- 


TABLE  8 

DIKE  WOOD  BUILDING  CONSTRUCTION  CODES* 


A 

Adobe 

B 

Brick  or  stone 

CB 

Cement  brick 

T 

Tile  (hollow  ceramic  block) 

BF 

Brick-  or  tile -faced  front 

BV 

Brick  or  stone  veneered 

WF 

Wood  frame 

I 

Iron  (wood  frame  with  iron  cladding) 

P 

Plastic 

CF 

Concrete  frame 

CFR 

Concrete  floors  and  roof 

CFFR 

Concrete  frame,  floors,  and  roof 

SF 

Steel  frame 

SFC 

Steel  frame;  concrete  floors  and  roof 

AC 

Aluminum  curtain  walls 

BC 

Brick  or  tile  curtain  walls 

CC 

Concrete  curtain  walls 

GC 

Glass  curtain  walls 

WC 

Wood  curtain  walls 

LB 

Load  bearing 

PW 

Pilastered  walls 

WT 

Wood  roof  trusses 

BP 

Brick  posts 

CP 

Concrete  posts 

IP 

Iron  posts 

SP 

Steel  posts 

WP 

Wood  posts 

UG 

Under  ground 

NONE 

Parks,  etc. 

These  codes  are  always  used  alone  and  not  in  combination  with  other  codes. 
(The  data  came  from  color-coding  on  the  Sanborn  maps. ) 
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Example:  Reinforced  concrete  frame,  floors,  and  roof  would  be  indicated  by  a  code  of  Ala.  (These  codes 
are  always  given  in  groups  of  three  indicating  the  framing,  floor,  and  roof  construction.  ) 
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the  construction  of  a  building,  then  the  primary,  secondary,  and  tertiary 
designations  were  used  to  determine  the  order  for  the  codes  on  the  data 
sheets.  This  classification  was  an  important  basis  for  the  computer  sort¬ 
ing  of  the  codes  to  determine  the  predominant  structural  type  as  described 
below.  Since  three  codes  might  n^t  be  sufficient  to  describe  completely 
the  construction  of  a  building,  a  blank  for  additional  construction  details 
or  comments  was  also  provided  on  each  data  sheet. 

Samples  of  the  data  sheets  used  for  recording  all  of  the  data  are 
illustrated  in  Figs.  6  and  7.  The  four  blanks  for  the  census  data  in  the 
heading  of  Fig.  6  were  not  used.  They  were  replaced  by  the  census  data 
sheet  of  Fig.  7. 

The  classification,  categorization,  and  correlation  of  the  construc¬ 
tion  codes  in  Table  8  are  given  in  Tables  9,  10,  and  11,  respectively. 
These  latter  three  tables  show  how  the  construction  codes  from  the  orig¬ 
inal  building  data  were  sorted  in  condensing  the  information  for  a  block 
summary,  allowing  only  the  six  primary  construction  types  for  which 
casualty  curves  exist  (from  Contract  No.  OCD-OS-62-203). 

E.  QUALITY  CONTROL 

A  simple,  but  effective,  quality- control  system  to  assure  reason¬ 
able  reader  accuracy  was  designed.  The  work  standard  was  established 
at  40  blocks  per  week  per  reader.  The  supervisor  reread  one  block  per 
reader  per  week  or  2.  5  percent  of  the  total  blocks  surveyed.  To  assure 


CONSTRUCTION  DATA  SHEET 


CENSUS  DATA  SHEET 
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TABLE  9 

CLASSIFICATION  OF  CONSTRUCTION  CODES 


Primary  Codes  Secondary  Codes 


A 

BF 

B 

P 

BV 

AC 

CB 

GC 

CF 

wc 

CFR 

PW 

CFFR 

WT 

I 

BP 

LB 

CP 

SF 

IP 

SFC 

SP 

T 

WP 

WF 

NONE 

Let.,  No.,  let. 

BC* 

CC* 

UG* 

Ignore  secondary  construction  codes  in  analysis, 
it 

+  These  secondary  construction  codes  are  used  in  a  few 
instances. 
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TABLE  10 

CATEGORIZATION  OF  PRIMARY  CONSTRUCTION  CODES* 

1.  Wood  Frame  (WF) 

I 

WF 

2.  Brick  (BR) 


A 

CB 

Ola 

02a 

03a 

B 

LB 

Olb 

02b 

03b 

BV 

T 

Ole 

02  c 

03c 

Old 

02  d 

03d 

American  Reinforced  Concrete  (ARC)  (LSF  and  HSF-**ARC  if  > 

2  stories) 

CF  Ala 

Bla 

A2a 

B2a 

A3a 

B3a 

CFR  Alb 

Bib 

A2b 

B2b 

A3b 

B3b 

CFFR  Ale 

Blc 

A2c 

B2c 

A3c 

B3c 

Aid 

Bid 

A2d 

B2d 

A3d 

B3d 

Japanese  Rei  -.forced  Concrete  (JRC) 

Ala,  CC 

CFFR,  CC 

If  the  Mbuilding-useM 

code  was 

A,  the  category  was  changed  to  ARC. 

Heavy  Steel  Frame  (HSF)  (<  2 

stories; 

LSF->HSF  if  > 

30  ft) 

SFC  Cla 

Ela 

Gla 

C2a 

C2b 

C3a 

Clb 

Elb 

Gib 

D2a 

D2b 

D3a 

Clc 

Elc 

Glc 

E2a 

E2b 

E3a 

Cld 

Eld 

Gld 

F2a 

F2b 

F3a 

G2a 

G2b 

G3a 

Dla 

Fla 

Hla 

no  q 

uok 

Dlb 

Fib 

Hlb 

its  a 

ilOa 

Die 

Flc 

Hlc 

Did 

Fid 

Hid 

If  code  CC  was  also  given,  the  category  was  changed 

to  ARC. 

Light  Steel  Frame  (LSF)  (<  2  stories; 

<  30  ft) 

SF  C2c. 

C2d 

C3b 

C3c 

C3d 

D2c 

D2d 

D3b 

D3c 

D3d 

E2c 

E2d 

E3b 

E3c 

E3d 

F2c 

F2d 

F3b 

F3c 

G2c 

G2d 

G3b 

G3c 

G3d 

H2c 

H2d 

H3b 

H3c 

H3d 

If  code  BC  was  given,  the  category  was  changed  to  HSF. 
If  code  CC  was  given,  the  category  was  changed  to  ARC, 


The  code  UG  was  classified  as  miscellaneous. 
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TABLE  11 

CORRELATION  OF  PRIMARY  CONSTRUCTION  CODES 


WF  =  1 
BR  =  2 
ARC  =  3 
JRC  =  4 
HSF  =  5 
LSF  =  6 


a. 


A,  B 

=  2 

BV,  SF 

T* 

CFFR,  I 

=  3 

A,  BV 

=  2 

BV,  SFC 

3 

CFFR,  T 

=  3 

A,  CB 

=  2 

BV,  T 

2 

I,  SF 

=  6 

A,  I 

=  2 

BV,  WF 

2 

I,  T 

=  2 

A,  T 

=  2 

CB,  CF 

3 

I,  WF 

=  1 

A,  WF 

-  2 

CB,  CFR 

3 

LB,  A 

=  2 

B,  BV 

=  2 

CB,  CFFR 

3 

LB,  B 

=  2 

B,  CB 

=  2 

CB,  I 

2. 

LB,  BV 

=  2 

B,  CF 

=  3 

CB,  SF 

5^ 

LB,  CB 

=  2 

B,  CFR 

=  3 

CB,  SFC 

3 

LB,  CF 

=  3 

B,  CFFR 

=  3 

CB,  T 

2 

LjB,  CFR 

=  3 

B,  I 

=  2* 

CB,  WF 

2 

LB,  CFFR, 

CC  =  4 

B,  SF 

=  5 

CF,  CFR 

3 

LB,  I 

=  1 

B,  SFC 

=  3 

CF,  CFFR,  CC  = 

4 

LB,  SF 

=  6 

B,  T 

=  2 

CF,  I 

3 

LB,  SFC 

=  5 

B,  WF 

~  2 

CF,  T 

3 

LB,  T 

=  2 

BV,  CB 

=  2 

CFR,  CFFR,  CC  = 

4 

LB,  WF 

=  1 

BV,  CF 

=  3 

CFR,  I 

3 

SF,  SFC 

=  5 

BV,  CFR 

=  3 

CFR,  SF 

SF,  T 

=  5 

BV,  CFFR 

=  3 

CFR,  SFC 

3 

SFC,  T 

=  3 

BV,  I 

=  2 

CFR,  T 

3 

T,  WF 

=  2 

5,  CC=3  ^ 

2,  1=2 

3, 

4=3 

6,  BC=5* 

2,  3=3 

3, 

5=3 

6,  CC=3 

2,  4=3 

3, 

6=3 

UG  =MISC 

2,  5=5* 

4, 

1=3 

2,  6=5* 

4, 

5=3 

3,  1  =  3 

4, 

6=3 

6=5* 

For  buildings  <  2  stories;  for  buildings  >  2  stories,  change  from  5  (HSF)  or 
6  (LSF)  to  3  (ARC). 
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that  the  data  sheets  were  properly  completed,  ihe  supervisor  also  made  a 
cursory  examination  of  ali  completed  data  sheets.  In  addition,  the  key¬ 
punch  verifiers  also  scanned  tine  original  data  sheets  for  correctness  of 
codes  and  completeness  of  d&fa. 

F.  PREPARATION  FOR  ANALYSIS 

The  data  saeets  were  used  as  source  documents  for  punching  and 
verifying  standard  IBM  cards.  Tables  12  and  13  list  t-  items  punched  from 
the  data  sheets  and  the  card  columns  into  which  eacn  item  was  punched  for 
both  block  and  building  data,  respectively.  A  computer  program  was  pre¬ 
pared  to  edit  the  data  punched  in  the  cards  and  to  record  the  edited  data  on 
magnetic  tape  for  later  analysis. 

The  basic  unit  of  information  (binary  record  on  tape)  consists  of  the 
data  concerned  with  all  of  the  buildings  in  a  block  together  with  the  neces¬ 
sary  facts  to  ds  scribe  the  block.  The  block  description  is  contained  on  a 
punched  card  referred  to  as  the  block  data  card  (Table  12),  and  individual 
buildiug  information  is  contained  on  the  building  data  card  (Table  13). 

The  computer  program  checked  the  quantities  entered  in  the  col¬ 
umn  fields  shown  in  Tables  12  anc  13  to  assure  the  correctness  of  these 
quantities.  If  a  field  was  found  to  contain  an  incorrect  quantity  as  deter¬ 
mined  from  a  predetermined  list  of  correct  quantities  (Tables  7  and  8),  the 
erroneous  card  was  deleted  from  the  data  to  be  put  on  tape  for  that  block. 


r  .i»sa@aa»jaspe^-3r^}ss». 
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TABLE  12 


BLOCK  DATA  CARD 


r 


[ 

I 

I 

I 

K 


_ Item _ 

1 .  Card  type  1 

2.  Sequential  sheet  number 

3.  City  code 

4.  Sanborn  volume 

5.  Sanborn  page 
5.  Sanborn  block 

7.  Area  type  (land -use)  code 

8.  Sanborn  area  scale 

9.  Upper  street: 

Width 

Length 

10.  Left  street: 

Width 

Length 


Characters 

Required 

1 

5 

2 

3 
5 

4 
2 
3 

3 

4 

3 

4 


i  1 .  Lower  street: 

Width 
Length 

12.  Right  street: 

Width 

Length 

13.  Block  area 


3 

4 

3 

4 

5 


Starting 
Column  No. 

1 

3 

10 

13 

17 

22 

27 

30 


35 

39 

45 

49 

55 


59 


65 

69 

75 
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TARLE  13 

BUILDING  DATA  C  ARD 

Characters 


_ Item _ _  Required 

1.  Card  type  2  1 

2.  Sequential  sheet  number  5 

3.  Number  of  floors  3 

4.  Building  height  3 

3** 

5.  Building  ground  area  5 

6.  Building  use  code  5 

7.  Building  construction  codes: 

No.  1  4 

No.  2  4 

No.  3  4 


Starting 
Column  No. 

1 

3 

10 

15 

20 

30 


40 

50 

60 


The  last  digit  was  used  to  indicate  the  reader  area  scale  actually 
used.  No  asterisk  indicates  400  ft/  inch;  an  asterisk  indicates 
200  ft/  inch. 


The  only  exception  to  this  rule  occurred  when  an  error  was  found  in  a  block 
data  card  (Table  i3);  in  that  case  the  whole  block  was  omitted  from  the  tape. 

Each  time  new  data  cards  we added  to  the  tape,  the  blocks  oc  +he 
tape  were  automatically  checked  for  correct  ordering;  if  any  were  found  to 
be  out  of  sequence.*  a  message  to  that  effect  was  produced.  After  several 
blocks  were  put  on  the  tape,  the  tape  was  rewritten  by  a  correcting  pro¬ 
gram  which  corrected  the  blocks  with  the  missing  data  and  inserted  skipped 
blocks  as  necessary. 

A  third  type  of  card  known  as  the  census  data  card  was  utilized  to 
tie  the  census  data  and  standard  location  numbers  together  with  the  block 
and  building  data  cards.  Table  14  shows  the  items  which  were  punched  from 
the  data  sheets  and  the  card  ^columns  into  which  each  item  was  punched. 

G.  SUMMARIZING  THE  DATA 

In  addition  to  the  computer  programs  to  put  the  IBM  card  data  on¬ 
to  magnetic  tape,  make  corrections,  and  allow  insertions,  the  block  sum¬ 
mary  program  tabulated  these  voluminous  data  by  construction  type  and 
land  use.  This  program  was  developed  so  that  all  of  the  information  would 
be  on  an  additional  tape  summarized  by  blocks  instead  of  by  buildings.  All 
summary  work  was  done  with  the  block  tape  since  it  could  be  run  in  approx¬ 
imately  three  minutes,  whereas  the  complete  building  tape  took  about  twenty 
minutes.  Summaries  were  developed  for  Ihe  following  areas  so  that  sta¬ 
tistical  analyses  could  be  made: 
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TABLE  14 

CENSUS  DATA  CARD 


Item 


Characters  Starting 
Required  Column  No. 


1.  Card  type  3  1 

2.  Sequential  sheet  number  5 

3.  Standard  location  number  8 

4.  Census  tract  7 

5.  Census  block  5 

6.  Block  population: 

Residential  5 


1 

5 

13 

24 

34 

42 


7.  Standard  location  population: 
Resident’al 
Day 
Night 


6 

6 

6 


50 

59 

68 


-52- 


(1)  Urban  blocks 

(2 )  Standard  locations 

(3)  Urban  Sanborn- volume  areas 

(4)  Urban  areas  (cities) 

(5)  Urban  areas  by  size  (L,  M,  S,  and  VS) 

(6)  Urban  size- -Region  combinations 

(7)  Regions  of  U.  S. 

(8)  Entire  U,  S. 

Appendix  A  presents  the  format  of  the  data  recorded  on  the  large 
building  data  tape,  and  Appendix  B  describes  the  format  of  the  data  re¬ 
corded  on  the  small  block  summary  tape.  These  tapes  were  used  to  process 
the  voluminous  data  recorded  during  this  project. 

Table  15  summarizes  the  number  of  city  blocks  allocated  and  read 
from  the  Sanborn  maps.  It  should  be  noted  that  data  were  recorded  from 
5284  blocks,  requiring  some  200,  000  IBM  cards.  The  cities  of  Brooklyn, 

St.  Louis,  and  Albuquerque  were  added  to  the  original  list  in  order  to  sal¬ 
vage  the  data  which  had  been  obtained  for  them  during  a  previous  contractual 
effort  (Contract  No.  OCD-OS-62 -203).  The  city  codes  utilized  in  the  com¬ 


putations  are  given  by  each  city  in  Table  15. 


TABLE  15 


BLOCK  ALLOCATIONS  OF  SELECTED  URBAN  AREAS 


Selected  urban  Areas _ 

1.  Chicago,  Ill.  (38)* 

Cook  County,  Ill.  (43) 
Oak  Park,  Ill.  (39) 

2.  San  Francisco,  Cal.  (37) 

3.  Boston,  Mass.  (11) 

Cambridge,  Mass.  (12) 
Nev/ton,  Mass.  (14) 
Waltham,  Mass.  (13) 

4.  Washington,  D.  C.  (9) 

Arlington,  Va.  (16) 
Bethesda,  Md.  (17) 
Chevy  Chase 
Village,  Md.  (18) 

5.  Minneapolis,  Minn.  (15) 

6.  Houston,  Texas  (24) 

7.  Miami,  Fla.  (40) 

Coral  Gables,  Fla.  (41) 

8.  Denver,  Colo.  (10) 

9.  Portland,  Ore.  (55) 

10.  Jersey  City,  N.J.  (44) 

11.  Louisville,  Ky.  (48) 

12.  Omaha,  Nebr.  (23) 

13.  Wichita,  Kan.  (8) 

14.  Wilmington,  Del.  (49) 

15.  Mobile,  Ala.  (25) 

16.  Tucson,  Ariz.  (47) 

17.  Tacoma,  Wash.  (36) 

18.  Fresno,  Calif,  (42) 

19.  Little  Rock,  Ark.  (46) 

20.  Erie,  Pa.  (45) 

21.  Lansing,  Mich.  (52) 

22.  Columbia,  S.C.  (51) 

23.  Waterbury,  Conn.  (26) 

24.  Green  Bay,  Wis.  (28) 

25.  Abilene,  Tex.  (32) 

26.  Las  Vegas,  Nev.  (3l) 

27.  Riverside,  Calif.  (30) 

28.  Huntsville,  Ala.  (29) 

29.  High  Point,  N.  C.  (33) 


Blocks  Allocated 

Blocks  Read 

500 

390 

46 

69 

300 

307 

300 

159 

81 

39 

60 

260 

214 

34 

12 

10 

240 

233 

200 

177 

180 

112 

55 

180 

220 

160 

228 

160 

115 

160 

120 

120 

137 

100 

150 

100 

107 

100 

104 

100 

113 

100 

103 

100 

104 

80 

104 

80 

96 

80 

81 

80 

112 

80 

72 

60 

59 

60 

74 

60 

73 

60 

57 

50 

63 

50 

47 

Numbers  in  parenthesis  are  city  «.  odes. 
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TABLE  15  (Continued) 

BLOCK  ALLOCATIONS  OF  SELECTED  URBAN  AREAS 


Selected  Urban  Areas 

Blocks  Allocated 

Blocks  Read 

30.  Laredo,  Tex.  (34>* 

50 

71 

31.  Albany,  Ga.  (35) 

50 

46 

32.  Great  Falls,  Mont.  (50) 

50 

53 

33.  Rome,  N.Y.  (27) 

50 

43 

34.  Rapid  City,  S.  D.  (54) 

40 

51 

35.  Lewiston,  Me.  (53) 

40 

41 

36.  Minot,  N.D.  (2) 

40 

55 

37.  Johnson  City,  Tenn.  (7) 

40 

31 

38.  Las  Cruces,  N.  M.  (21) 

40 

71 

39.  Weirton,  W.Va.  (4) 

40 

33 

40.  Clarksdale,  Miss.  ($) 

40 

76 

41.  Bend,  Ore.  (5) 

40 

52 

42.  Brigham  City,  Utah  (3) 

40 

26 

43.  Winfield,  Kan.  (1) 

40 

48 

44,  Brooklyn,  N.Y,  (19) 

0 

30 

45.  St.  Louis,  Mo.  (22) 

0 

107 

46.  Albuquerque,  N.  M.  (20) 

0 

113 

Total  4700  5284 


Numbers  in  parenthesis  are  city  codes. 
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CHAPTER  V 

COMPUTER  SUMMARIES  FOR  LARGE  AREAS 

This  chapter  presents  some  typical  computer  summaries  for  large, 
medium,  and  small  urban  areas  in  Tables  16  through  18;  the  eleven  geo¬ 
graphic  regions  in  Tables  19  through  29;  and  the  entire  United  States  in 
Table  30.  Two  individual  tables  are  presented  for  each  item. 

The  first  of  two  tables  for  each  summary  giv^s  the  percent  construc¬ 
tion  of  each  type,  according  to  the  above  -ground  floor  area,  for  each  land 
use  in  the  area.  The  second  table  presents  the  total  ground  area  surveyed 
and  the  total  ground  floor  area  (both  in  square  feet)  for  each  land  use.  (The 

C 

letter  E  followed  by  a  number  represents  10  to  the  power  given  by  the  num¬ 
ber.  )  The  percentage  built-up  and  the  actual  and  normalized  block  counts 
are  also  given  for  each  land  use.  (The  normalized  blocks  are  used  when  it 
is  required  that  all  of  the  blocks  be  of  uniform  size. ) 

It  should  be  mentioned  that  the  blighted  residential  areas  appear  to 
have  a  significant  percentage  of  American  reinforced-concrete  (ARC)  struc¬ 
tures  (high-rise  apartment  buildings)  in  the  larger  urban  areas.  Since  most 
of  the  blighted  areas  were  found  in  the  larger  cities,  the  United  States  sum¬ 
mary,  for  example,  tends  to  show  a  higher-than-normal  percentage  of  ARC 
structures  as  compared  to  those  found  in  the  medium  and  small  cities.  Due 
to  this  result  and  the  fact  that  t.he  high-rise  apartment  buildings  were  already 
represented  in  another  land-use,  the  blighted  residential  category  was 
eventually  deleted  from  the  list  of  land  uses  or  typical  areas. 
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CHAPTER  VI 

STATISTICAL  ANALYSIS  OF  THE  BUILDING- CONSTRUCTION  SUMMARIES 

A.  INTRODUCTION 

A  most  important  part  of  the  building- construction  survey  is  the  data 
analysis  and  interpretative  phase  of  the  project.  All  of  the  planning  and  work 
devoted  to  the  survey  nqw  results  in  several  tables  and  conclusions  upon 
which  the  next  phase  of  the  project  must  build.  Hence,  to  understand  the 
analytical  results  and  their  interpretation,  one  must  refer  to  the  planning 
and  data-collection  phases  of  the  project. 

The  selection  of  geographic  regions  and  the  definition  of  urban- area 
sizes  were  discussed  in  Chapter  II.  The  hypothesis  was  originally  made  that 
building  size  and  construction  varied  widely  throughout  the  contiguous  United 
States.  This  variation  was  attributed  to  (1)  geographic -climatic  differences, 
and  (2)  urban -area  size.  Consequently,  the  contiguous  states  were  divided 
into  eleven  geographic  regions,  and  the  urban  areas  were  divided  according 
to  a  Bureau  of  the  Census  definition  into  four  area  sizes.  For  reference, 
the  geographic  regions  and  urban-area  sizes  are  listed  below.  In  parentheses 
following  each  is  its  abbreviation  used  in  other  tables  in  this  chapter. 

Geographic  Regions 

(1)  New  England  (NE) 

(2)  Middle  Atlantic  (MA) 
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(3)  Upper  South  Atlantic  (USA) 

(4)  Lower  South  Atlantic  (LSA) 

(5)  East  North  Central  (ENC) 

(6)  East  South  Central  (ESC) 

(7)  West  North  Central  (WNC) 

(8)  West  South  Central  (WSC) 

(9)  Pacific  Northwest  (PNW) 

(10)  Mountain  Southwest  (MSW) 

(11)  Pacific  Southwest  (PSW) 

Urban-Area  Sizes 

(1)  Large  (over  500,000  population) 

(2)  Medium  (100, 000  to  500,  000  population) 

(3)  Small  (under  100, 000  population) 

Urban-area  size  (3)  includes  both  small  and  very  small  urban  areas  as  defined 
in  Chapter  II. 

B.  STATISTICAL  ANALYSIS  BASED  ON  CONSTRUCTION  DATA 

Cities  were  then  selected  from  each  geographic -region,  urban- area - 
size  combination.  Hence,  any  data  obtained  for  these  cities  can  immediately 
and  naturally  be  arranged  in  a  two-dimensional  (two-way)  layout.  Table  31 
illustrates  this  layout  and  identifies  the  urban  areas  in  each  geographic  - 
region,  urban-area- size  combination.  The  statistical  analysis  of  data 
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arranged  in  such  a  layout  involves  the  computation  of  row  and  column  dif¬ 
ferences  and  the  comparison  of  these  differences  with  the  experimental 
errors.  When  row  and/or  column  differences  cannot  be  explained  on  the 
basis  of  experimental  errors,  the  differences  must  be  attributed  to  some 
other  cause  and  are  said  to  be  statistically  significant. 

Land  uses  were  discussed  in  Chapter  III.  For  reference  within 
this  chapter,  the  ten  land  uses  are  listed  below. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 
<8) 
(9) 

(10) 


Land  Uses 

Downtown 
Suburban  Shopping 
Light  Manufacturing 
Heavy  Manufacturing 
Warehouses 

High  Apartment  Buildings  (more  than  two  floors) 
Low  Apartment  Buildings  (one  or  two  floors) 
Large  Residences  (greater  than  2000  sq  ft) 

Small  Residences  (less  than  2000  sq  ft) 

Blighted  Residences 


The  hypothesis  was  originally  made  that  building  size  and  construction 
varied  widely  with  land  use.  The  truth  of  this  hypothesis  was  so  obvious  that 
no  statistical  evaluation  of  differences  due  to  land  use  were  planned.  However, 


I 


-75- 


during  the  statistical -analysis  phase  of  this  project,  land-use  differences 
were  tested.  An  indication  of  homogeneous  construction  for  different  land 
uses  did  occur  among  manufacturing  and  warehouse  areas.  This  result  is 
utilized  in  the  list  of  typical  areas  to  be  developed. 

The  data  collected  can  thus  be  arranged  into  ten  tables  similar  to 
Table  31,  i.e.,  one  table  for  each  land  use.  Within  each  geographic -region, 
urban-area-size  category  for  any  particular  land  use  would  be  a  list  of  six 
numbers  for  each  urban  area,  representing  the  percent  construction  for 
each  building  type  permitted.  For  reference  within  this  chapter,  the  six 
construction  types  are  listed  below.  (These  construction  types  and  the  San¬ 
born  categories  assigned  to  each  were  discussed  in  Chapter  IV. )  In  the 
parentheses  following  the  construction  types  listed  below  is  an  abbrevi¬ 
ation  used  in  other  tables  in  this  chapter.  However,  when  all  six  construc¬ 
tion  percentages  are  recorded,  as  in  Table  32,  no  identification  is  given; 
it  will  be  assumed  that  they  are  given  in  the  order  listed  below. 

Construction  Types 

(1)  Wood  Frame  (WF) 

(2)  Brick  (BR) 

^3)  American  Reinforced  Concrete  (ARC) 

(4)  Japanese  Reinforced  Concrete  (JRC) 

(5)  Heavy  Steel  Frame  (HSF) 

(6)  Light  Steel  Frame  (LSF) 
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Table  32  illustrates  the  general  form  of  the  ten  data  tables  and  speci¬ 
fically  presents  the  data  for  land -use  la,  downtown  business  areas.  Since 
no  downtown  business  area  was  observed  in  the  Sanborn  volumes  ordered  for 
Brooklyn,  New  York,  the  construction  percentages  (all  zero)  were  omitted 
for  this  urban  area. 

The  group  in  each  column  corresponds  to  the  urban  area  shown  in 
Table  31  for  that  particular  geographic -region,  urban-area- size  combination. 
For  example,  the  West -North -Central  box  with  the  large  urban  areas  Minne¬ 
apolis  and  St.  Louis  is  illustrated  in  Table  33. 

TABLE  33 

LARGE  WEST  NORTH-CENTRAL  DOWNTOWN  BUSINESS  AREAS 


Construction 
_  Type 

Percent  Construction 

Minneapolis 

St.  Louis 

WF 

4.22 

0.  76 

BR 

51.93 

35.59 

ARC 

43.26 

62.  91 

JRC 

0.00 

0.06 

HSF 

0.  58 

0.  67 

LSF 

0.01 

0.00 

With  this  background  discussion,  it  is  now  possible  to  state  simply 
the  type  of  statistical  problem,  and  thus  the  analytical  technique  required. 
For  the  purely  statistically-minded  readers,  the  data  can  be  arranged  into 
basic  two-way,  nonorthogonal,  multivariate  layouts.  The  layouts  are 
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two-way  because  of  the  geographic -region  and  urban- area -size  categories; 
they  are  nonorthogonal  because  not  all  of  the  geographic -region,  urban- 
area-size  categories  have  the  same  number  of  urban  areas  assigned  to 
them;  and  they  are  multivariate  because  for  each  urban  area  there  is  a 
six-element  vector  representing  the  building- construction  types  permitted. 
The  analytical  technique  is  thus  determined  and  is  described  in  more  detail 
in  Appendix  C. 

As  the  urban  areas  were  examined,  it  soon  became  evident  that  not 
all  land  uses  could  be  found  in  each  urban  area.  Reasons  are  easy  to  find. 
For  example,  very  small  towns  such  as  Winfield,  Kansas,  and  Bend,  Oregon, 
simply  do  not  have  suburban  shopping  centers  or  blighted  residential  areas. 
As  a  result,  there  appear  many  empty  cells  in  some  of  the  land-use  tables. 
Entire  geographic  regions  are  not  represented  for  some  land  uses. 

It  also  became  evicent  t*jc4  rot  all  construction  types  w'ould  be  repre¬ 
sented  in  each  l  wid  use.  Reasons  sire  a^ain  easy  to  find.  For  example, 
residential  areas  seldom,  if  ever,  caotiri.  '  ipanese  reinforced -concrete  or 
heavy -steel -frame  construction.  When  they  the  construction  is  some 
non- residential  building  such  as  a  public  or  commercial  structure.  Some¬ 
times  the  amount  of  such  construction  is  so  small  that  for  purely  mathe¬ 
matical  reasons  it  must  be  excluded  from  the  analytical  calculations.  Hence, 
as  one  studies  the  data  for  the  ten  land  uses,  the  dimensions  vary  for  the 
two-way,  nonorthogonal,  multivariate  layouts. 
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An  algebraic  presentation  of  the  least-squares  technique  required 
for  the  analysis  of  such  multivariate  data  arrays  is  included  in  Appendix  C. 
Based  on  the  least-squares  principles,  a  computer  program  was  developed 
to  perform  these  calculations.  Results  from  these  analyses  are  presented 
in  Table  34. 

The  test  statistic,  U,  presented  in  this  table  is  a  multivariate  test 
of  the  significance  of  geographic  regions  and  urban-area  sizes  as  an  expla¬ 
nation  of  the  observed  variability  in  the  construction  data.  Two  further 
aspects  must  also  be  noted.  First,  the  test  statistic,  U,  in  multivariate 
analysis  has  been  defined  so  that  a  significant  observed  U  is  less  than  the 
standard  U.  This  test  is  exactly  opposite  to  most  common  statistical  tests. 
Second,  the  conclusions  from  these  analyses  are  defined  as  "statistical 
conclusions.  "  Significance  simply  means  that  there  is  less  than  one  chance 
in  twenty  that  the  observed  U  occurred  without  assignable  cause,  i.  e. ,  due 
only  to  the  experimental  or  residual  error.  This  result  in  no  way  implies 
that  there  is  a  difference  in  casualty  production. 

C.  DISCUSSION  OF  STATISTICAL  RESULTS  USING  CONSTRUCTION  DATA 

Next  in  the  analytical  sequence  is  a  review  of  the  significant  statis¬ 
tical  conclusions  indicated  by  the  analytical  computations.  The  downtown 
construction  data  indicate  a  dependence  on  urban- area  size.  From  the  urban 
area-size  summaries,  the  important  percentages  for  downtown  construction 
are  shown  in  Table  35. 
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RESULTS  FROM  STATISTICAL  ANALYSIS  USING  CONSTRUCTION  DATA 
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TABLE  35 

CONSTRUCTION  PERCENTAGES  FOR  DOWNTOWN  AREAS 


Construction 
Type  _ 

Urban-Area  Size 

Large 

Medium 

Small 

WF 

2.32 

14.  55 

14;  13 

BR 

32.75 

40.13 

57.37 

ARC 

63.27 

42.83 

22.07 

Two  conclusions  are  immediately  evident.  Wood  frame  (WF)  percent¬ 
ages  probably  begin  close  to  0  percent  for  our  largest  urban  areas  and  rise  to 
about  14  percent  for  medium- size  cities,  where  the  percentage  levels  off  and 
remains  constant.  Intuitively,  one  might  expect  a  further  rise  for  very  small 
urban  areas.  However,  our  data  table  has  insufficient  size  categories  to 
demonstrate  that  such  a  rise  does  or  does  not  occur.  The  necond  item  to 
note  is  the  very  strong  linear  dependence  of  brick  (BR)  and  American  rein- 
forced-concrete  (ARC)  percentages  on  area  size.  A  little  reflection  leads 
one  to  see  that  reinforced  concrete  will  be  used  more  in  large  urban  areas 
than  in  small  urban  areas,  and  conversely  for  brick.  Hence,  the  statistically 
significant  effects  indicated  by  the  analytical  computations  are  easily  seen. 

The  construction  data  for  suburban  shopping  areas  show  slight  dif¬ 
ferences  based  on  geographic  regions.  When  the  regional  summaries  were 
examined,  patterns  were  simply  not  evident.  The  rather  large  variability 
exhibited  by  these  data,  shown  in  Table  36,  may  be  due  to  small  samples  and 
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hence  may  even  represent  the  choice  of  materials  for  a  single  shopping  area. 
While  this  aspect  has  not  and  perhaps  could  not  be  determined,  the  small 
sample  sizes  for  some  geographic  regions  may  be  sufficient  reason  to 
reject  the  indecisive  test  conclusions. 

The  construction  of  light  manufacturing  buildings  is  independent  of 
both  urban- area  size  and  geographic  region. 

However,  ihe  construction  of  heavy  manufacturing  buildings  seems 
dependent  on  urban-area  size.  A  review  of  these  data  (Table  37)  from  the 
urban-area- size  summaries  reveals  a  pattern  similar  to  that  observed  for 
downtown  areas,  except  that  the  percentages  for  wood-frame  (WF)  behave 
very  strangely.  The  trend  in  both  brick  (BR)  and  American  reinforced  con¬ 
crete  (ARC)  seems  statistically  significant  though. 


TABLE  37 

CONSTRUCTION  PERCENTAGES  FOR  HEAVY  MANUFACTURING  AREAS 


Construction 


Urban- Area  Size 


Type 

Large 

Medium 

Small 

WF 

21.46 

9.48 

29.98 

BR 

25.  73 

45.  58 

62.69 

ARC 

42.08 

34.33 

2.16 

The  analysis  of  construction  data  for  warehouse  areas  indicates 


some  slight  dependence  on  geographic  region.  An  examination  of  the 


geographic -region  summaries  (Table  38)  reveals  no  discernible  patterns  or 
subgroupings.  However,  the  rather  small  number  of  blocks  observed  in  the 
Middle -Atlantic  and  Upper-South-Atlantic  regions  may  be  sufficient  to  cause 
the  very  slight  indicated  significance  and  to  give  reason  for  rejection  of  the 
indecisive  test  conclusions. 

Insufficient  data  were  observed  for  both  high  and  low  apartment 
buildings  to  be  able  to  reach  any  statistical  conclusions. 

Table  39  presents  the  important  data  for  large  residences.  The  most 
interesting  feature  of  these  data  concerns  the  rather  obvious  groupings  pres¬ 
ent.  Seven  contiguous  geographic  regions;  namely,  the  Middle  Atlantic,  the 
Upper  and  Lower  South  Atlantic,  the  East  North  Central,  the  East  and  West 
South  Central,  and  the  Mountain  Southwest  are  all  very  similar,  while  the 
Pacific  Northwest  and  Southwest  are  also  very  similar.  Computations  simi¬ 
lar  to  those  required  for  Table  34  show  that  the  first  group  of  seven  regions 
is  homogeneous,  i.  e. ,  the  differences  are  not  significant,  but  the  Pacific 
Northwest  and  Southwest  are  significantly  different.  Hence,  the  number  of 
regions  is  effectively  reduced  from  eleven  to  five  for  large  residences. 

A  review  of  the  important  construction  percentages  for  small  resi¬ 
dences  classified  by  urban-area  size,  shown  in  Table  40,  shows  definite 
trends  similar  to  those  already  observed  for  downtown  and  heavy  manu¬ 
facturing  areas. 
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TABLE  40 

CONSTRUCTION  PERCENTAGES  FOR  SMALL  RESIDENCES 

BY  URBAN -A  REA  SIZE 

_ Urban-Area  Size _ 

Large  Medium  Small. 

53.79  67.05  81.07 

43.94  30.97  17.62 

Hence,  the  statistically  .significant  effects  indicated  by  the  analytical  com¬ 
putations  are  easily  seen. 

Turning  next  to  the  geographic  regional  summaries  for  small  resi¬ 
dences,  shown  in  Table  41,  the  sharp  pattern  discernible  for  large  residences 
is  not  apparent.  Due  to  this  result  and  the  slight  nature  of  the  significance, 
these  test  conclusions  were  rejected. 

The  construction  of  blighted  residences  is  independent  of  both  urban- 
area  size  and  geographic  region. 

In  summary,  technical  problems  in  the  observation  technique  could 
account  for  the  regional  differences  observed  in  the  suburban -shopping  and 
warehouse  construction.  However,  very  real  differences  exist  in  downtown, 
heavy  manufacturing,  and  small  residential  areas  due  to  urban-area  size. 
Statistically  significant  differences  also  exist  in  both  large  and  small  resi¬ 
dential  areas  due  to  geographic  regions,  but  the  number  of  regions  can  be 
substantially  reduced  for  the  large  residential  areas.  The  test  conclusions 
were  rejected  for  the  small  residential  areas  for  the  reasons  described  above. 


Construction 

_ Ixee _ 

WF 

BR 
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Table  42  presents  a  summary  of  the  resulting  typical  areas  based  on  con¬ 
struction  which  are  required  to  represent  the  various  land  uses  throughout 
the  United  States. 

D.  STATISTICAL  ANALYSIS  BASED  ON  CASUALTY  CURVES 

One  should  note  that  the  previous  statistical  tests  were  based  on  the 
construction  percentages  and  not  on  values  from  the  casualty  curves.  Thus, 
although  the  construction  percentages  were  found  to  be  statistically  signifi¬ 
cant  for  the  cases  listed  in  Table  42,  this  result  in  no  way  implies  that  there 
is  a  difference  in  casualty  production  among  all  of  these  cases. 

Therefore,  statistical  tests  were  again  made  using  values  from  both 
low  (10%  level)  and  high  (90%  level)  points  on  the  1-  and  25-Mt  mortality 
curves.  Based  on  the  least- squares  principles,  a  computer  program  was 
developed  to  perform  these  calculations.  Results  from  these  analyses  are 
presented  in  Table  43. 

Two  aspects  of  Table  43  should  be  noted.  First,  the  test  statistic, 

F,  in  univariate  analysis  has  been  defined  so  that  a  significant  observed 
F  is  greater  than  the  standard  F.  Second,  the  conclusions  from  these 
analyses  are  defined  as  "statistical  conclusions.  "  Significance  simpiv 
means  that  there  is  less  than  one  chance  in  twenty  that  the  observed  F 
occurred  without  assignable  cause,  i.  e. ,  due  only  to  the  experimental  or 


residual  error. 
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TABLE  42 

TYPICAL  URBAN  AREAS  BASED  ON  CONSTRUCTION 


Percent  Construction  by  Type 


Category 

WF 

BR 

ARC 

JRC 

HSF 

1. 

Downtown 
a.  Large  Cities 

2 

33 

63 

1 

1 

b.  Medium  Cities 

14 

40 

43 

1 

2 

c.  Small  Cities 

14 

58 

22 

0 

6 

2. 

Suburban  Shopping 

15 

52 

29 

0 

3 

3. 

Light  Manufacturing 

16 

40 

37 

1 

4 

4. 

Heavy  Manufacturing 
a.  Large  Cities 

21 

26 

42 

2 

7 

b.  Medium  Cities 

10 

46 

34 

1 

8 

c.  Small  Cities 

30 

63 

2 

0 

5 

5. 

Warehouses 

12 

45 

34 

1 

5 

6. 

High  Apartment  Bldgs. 

7 

35 

58 

0 

0 

7. 

Low  Apartment  Bldgs. 

36 

52 

10 

0 

1 

8. 

Large  Residences 
a.  Eastern  Composite* 

30 

57 

11 

0 

2 

b.  New  England 

52 

40 

7 

0 

1 

c.  West  North  Central 

43 

45 

12 

0 

0 

d.  Pacific  Northwest 

73 

17 

10 

0 

0 

e.  Pacific  Southwest 

80 

10 

10 

0 

0 

9. 

Small  Residences 
a.  Large  Cities 

54 

44 

2 

0 

0 

b.  Medium  Cities 

67 

31 

2 

0 

0 

c.  Small  Cities 

81 

18 

1 

0 

0 

10. 

Blighted  Residences 

35 

44 

21 

0 

0 

LSF 


0 

0 

0 

1 

2 

2 

1 

0 

3 

0 

1 

0 

0 

0 

0 

0 


0 


Composed  of  Middle  Atlantic,  Upper  South  Atlantic,  Lower  South  Atlantic, 
East  North  Central,  East  South  Central,  West  South  Central,  and  Mountain 
Southwest, 
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High  and  low  apartment  buildings  were  omitted  since  insufficient  data  were  observed. 
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E.  DISCUSSION  OF  STATISTICAL  RESULTS  USING  CASUALTY  CURVES 

A  review  of  the  significant  statistical  conclusions  indicated  by  the 
results  listed  in  Table  43  is  the  next  item  of  interest.  The  statistical  tests 
on  the  downtown  casualty  data  indicate  a  dependence  on  urban-area  size,  as 
did  the  earlier  tests  on  the  construction  data.  It  would  thus  seem  that  three 
typical  areas  representing  urban-area  size  will  be  required  for  downtown 
urban  areas. 

The  tests  on  casualty  data  for  suburban  shopping  centers  still  do  not 
indicate  any  dependence  on  either  urban-area  size  or  geographic  region.  It 
thus  appears  that  one  typical  area  will  represent  this  land-use  category 
throughout  the  United  States. 

In  contrast  to  the  earlier  tests  on  construction  data  which  did  not 
indicate  any  dependence  on  either  urban-area  size  or  geographic  region  for 
light  manufacturing  areas,  the  tests  on  casualty  data  indicate  a  dependence 
on  urban-area  size.  However,  it  is  felt  that  the  significance  should  show 
up  in  both  tests  before  additional  typical  areas  are  added  to  the  list.  In 
addition,  this  category  appears  to  be  a  little -used  one,  as  compared  to  the 
other  categories,  and  therefore  needs  less  representation.  Thus,  one 
typical  area  will  be  used  to  represent  this  land -use  category  throughout 
the  United  States, 

The  tests  on  casualty  data  for  heavy  manufacturing  areas  still  indi¬ 
cate  a  definite  dependence  on  urban-area  size.  Thus,  three  typical  areas 


-94- 


representing  the  various  urban-area  sizes  will  be  required  for  this  land- 
use  category. 

For  warehouse  areas  the  earlier  statistical  tests  indicated  that  only 
one  typical  area  would  be  required,  whereas  the  tests  on  casualty  data  indi¬ 
cate  a  dependence  on  urban-area  size.  (The  results  are  thus  similar  to 
those  obtained  for  light  manufacturing  areas. )  Since  these  two  tests  did 
not  substantiate  each  other  and  since  warehouses  are  a  relatively  little -used 
category,  it  is  felt  that  one  typical  area  will  be  sufficient  to  represent  this 
land-use  category  throughout  the  United  States. 

Insufficient  data  were  observed  for  both  high  and  low  apartment 
buildings  to  reach  any  statistical  conclusions  about  their  dependence  on 
urban-area  size  or  geographic  region.  Therefore,  one  typical  area  will 
be  used  to  represent  each  of  these  land-use  categories  throughout  the 
United  States. 

The  statistical  tests  on  casualty  data  for  large  residences  do  not 
indicate  any  dependence  on  either  urban-area  size  or  geographic  region. 
This  result  is  in  contrast  to  the  previous  test  which  indicated  a  dependence 
on  geographic  region.  It  is  felt  that  the  dependence  on  geographic  region 
should  be  ignored  since  the  significance  should  show  up  in  both  tests  before 
additional  typical  areas  are  added  to  the  list.  Thus,  one  typical  area  will 
be  used  to  represent  this  land-use  category  throughout  the  United  States. 

For  small  residences  the  statistical  tests  on  casualty  data  indicate 
a  definite  dependence  on  urban-area  size,  but  the  tests  show  significance 


» 
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for  only  half  the  cases  (10%  level  on  casualty  curves)  for  geographic  regions. 
Due  to  this  result  and  the  fact  that  no  sharp  pattern  was  discernible  among 
geographic  regions  when  examining  the  earlier  tests  on  construction  data, 
it  is  felt  that  only  the  dependence  on  urban- area  size  should  be  considered. 
Thus,  three  typical  areas  will  be  used  to  represent  this  land-use  category. 

As  before,  the  statistical  tests  on  casualty  data  for  blighted  resi¬ 
dences  still  do  not  indicate  any  dependence  on  either  urban-area  size  or 
geographic  region.  Therefore,  one  typical  area  will  be  used  to  represent 
this  land-use  category  throughout  the  United  States. 

F.  TYPICAL  AREAS  FOR  CASUALTY  CURVES 

It  should  be  pointed  out  that  anyone  interested  in  debris  or  fire 
studies  on  a  national  scale  would  probably  be  interested  in  the  list  of  typ¬ 
ical  areas  (based  on  construction)  given  in  Table  42.  However,  for  casualty 
curves  to  be  used  on  a  national  basis,  one  can  still  do  more  consolidating 
beyond  those  typical  areas  described  in  the  preceding  section. 

Table  44  presents  the  list  of  typical  areas  which  will  be  used  in  com¬ 
puting  the  set  of  casualty  curves.  (The  only  addition  to  be  made  is  that  for 
the  population  percentage  outside,  to  be  discussed  in  the  next  chapter. )  In 
several  cases  the  construction  percentages  by  type  were  so  similar  for 
different  land-use  categories  that  the  casualty  curves  would  have  been  iden¬ 
tical;  thus,  these  land-use  categories  were  combined. 


TABLE  44 


TYPICAL  URBAN  AREAS  FOR  CASUALTY  CURVES 
(No  Population  Outside) 


Percent  Construction  bv  Type 


Category 

WF 

BR 

ARC 

JRC 

HSF 

LSF 

1. 

Downtown  in  Large  Cities 
and  High  Apartment  Bldgs. 

4 

34 

60 

1 

1 

0 

2. 

Downtown  in  Medium  Cities 

14 

40 

43 

1 

2 

0 

3. 

Downtown  in  Small  Cities 
and  Suburban  Shopping 

14 

55 

25 

0 

5 

1 

4. 

Light  Manufacturing, 

Heavy  Manufacturing  in 
Medium  Cities,  and  Ware¬ 
houses 

13 

44 

35 

1 

5 

2 

5. 

Heavy  Manufacturing  in 

Large  Cities 

21 

26 

42 

2 

7 

2 

6. 

Heavy  Manufacturing  in 

Small  Cities 

30 

63 

2 

0 

5 

0 

7. 

Low  Apartment  Bldgs, 
and  Large  Residences 

36 

53 

10 

0 

1 

0 

8. 

Small  Residences  in  Large 
Cities 

54 

44 

2 

0 

0 

0 

9. 

Small  Residences  in 

Medium  Cities 

67 

31 

2 

0 

0 

0 

10. 

Small  Residences  in  Small 
Cities 

81 

18 

1 

0 

0 

0 
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As  can  be  seen  from  Table  42,  "downtown  in  large  cities"  and 
"high  apartment  buildings"  are  quite  similar  in  construction  percentages, 
as  are  "downtown  in  small  cities"  and  "suburban  shopping  centers.  "  It 
should  also  be  noted  that  there  are  logical  reasons  for  these  similarities. 
Likewise,  "light  manufacturing",  "heavy  manufacturing  in  medium  cities", 
and  "warehouses"  show  such  striking  similarities  in  construction  percent¬ 
ages  that  they  were  combined  into  one  group  as  shown  in  Table  44.  Finally, 
’low  apartment  buildings"  and  "large  residences"  were  also  combined  for 
the  same  reasons. 

"Blighted  residences"  were  omitted  from  the  list  of  typical  areas 
given  in  Table  44  because  of  the  high  percentage  of  American  reinforced- 
concrete  construction  indicated  in  Table  42.  This  value  is  high  because  a 
large  fraction  of  the  data  came  from  the  slum  areas  of  large  cities,  simi¬ 
lar  to  Harlem.  It  is  not  felt  to  be  typical  of  the  country  as  a  whole.  Blighted 
areas  can  be  represented  by  "high  apartment  buildings"  or  "small  resi¬ 
dences",  as  the  case  may  be. 

As  a  result,  the  list  of  typical  areas  has  been  pared  to  ten,  which 
still  produces  a  sizeable  number  of  casualty  curves. 


-98- 


CHAPTER  vn 

POPULATION  PERCENTAGE  OUTSIDE  STRUCTURES 

A.  PERCENTAGE  OF  POPULATION  OUTSIDE  STRUCTURES 

To  determine  the  percentage  of  the  population  which  is  outside  struc¬ 
tures  in  a  city  or  urban  area,  use  was  made  of  the  Operations  Research 
Incorporated  Technical  Report  2 10  entitled  Study  of  Tactical  Movement  Con¬ 
cepts  and  Procedures  for  Civil  Defense  Planning  (Ref.  3).  From  this  report 
it  was  evident  that  at  least  a  crude  formula  could  be  derived  which  would  pre¬ 
dict  the  population  outside  structures  in  a  city.  This  equation  was  derived 
from  the  population  breakdown  presented  in  Tables  C.  3,  C.  5,  and  C.  11  of 
Ref.  3.  The  equation  takes  into  account  the  changes  in  population  as  a  func¬ 
tion  of  the  time  of  day.  The  population  distribution  given  in  Table  C.  5  of 
Ref.  3  was  for  times  of  11:00  a.  m. ,  5:30  p.m.,  and  2:30  a.m. 

The  equation  utilizes  the  population  breakdow  the  city 

census-tract  reports  which  were  compiled  by  the  U.  S.  .  -  -  r  ■ *  <  • ,  f  Com¬ 
merce  for  1960.  Accordingly,  the  employed  population  nc  vided 

into  seven  applicable  categories  as  follows:  mining,  constructs^,  inaltu.ac- 
turing,  railroad  and  rail -express  service,  other  transportation,  communi¬ 
cations  (also  utilities  and  sanitation),  and  other  work  (not  reported  in  one 
of  the  above  categories).  Although  the  total  work  force  varies  according  to 
the  time  of  day,  the  relative  percentages  of  people  employed  in  each  of  the 
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above  categories  remain  fixed.  Also,  the  fraction  of  the  people  in  each 
employment  category  who  are  outside  structures  (Table  C.  3  of  Ref.  3) 
was  assumed  to  remain  constant  with  time. 

From  the  census-data  population  breakdown,  the  total  population  of 
a  city  can  be  divided  into  three  mutually -exclusive  broad  divisions.  (At  any 
given  time  no  one  person  can  be  in  more  than  one  division. )  These  three 
broad  divisions  are  employed  population,  school  population,  and  free  popu¬ 
lation  (those  not  employed  or  in  school  at  the  given  time).  The  breakdown 
of  the  employed  population  division  was  described  above. 

For  any  given  case  the  actual  employed,  school,  and  free  population 
at  one  of  the  stated  times  was  determined  from  use  of  the  census  data  and 
Table  C.  5  of  Ref.  3.  The  percentage  of  the  people  outside  in  the  free  popu¬ 
lation  group  was  determined  for  the  time  in  question  from  Tables  C.  5  and 
C.  11  of  Ref.  3. 

Thus,  by  combining  all  of  the  above  data  the  following  three  equa¬ 
tions  were  derived  for  the  three  stated  times  of  day: 

11:00  a.  m. 

0.4  (mining)  +0.8  (construction)  +  0.016  (manufacturing)  +  0.28  (railroad) 
+  0.  6  (other  transportation  +  communications)  +  0. 16  (other  work) 

+  0.  095  (free  +  0.2  (employed)  +  0.  07  (school))  =  outside  population 


"Mining"  refers  to  the  population  engaged  in  mining  at  the  stated  time. 
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5:30  p.  m. 

0. 15  (mining)  +  0,  3  (construction)  +  0.  006  (manufacturing)  +  0. 105  (railroad) 
+  0.  225  (other  transportation  +  communications)  +  0.  06  (other  work) 

+  0. 189  (free  +  0.  7  (employed)  +  school)  =  outside  population 

2:30  a.  m. 

0.  015  (mining)  +  0.  03  (construction)  +  0.  0006  (manufacturing) 

+  0.  0105  (railroad)  +  0.  0225  (other  transportation  +  communications) 

+  0,  006  (other  work)  +  0.  00545  (free  +  0.  97  (employed)  +  school) 

=  outside  population 

At  each  of  the  above  times  the  total  population  equals  the  sum  of  the 
free  population,  the  employed  population,  and  the  school  population.  Thus, 
for  each  time  of  day  the  percent  of  the  population  outside  structures  equals 
the  outside  population  divided  by  the  total  population.  The  employed,  school, 
and  total  populations  v/ere  obtained  from  the  census  data  for  each  specific 
city. 

Utilizing  the  above  three  equations,  a  sample  was  taken  of  twenty - 
two  cities  geographically  scattered  throughout  the  continental  United  States, 
excluding  Alaska.  The  cities,  ranging  in  population  from  that  of  New  York, 
N.  Y. ,  to  Laredo,  Texas,  are  listed  in  Table  45.  The  results  of  this  survey 


are  presented  in  Table  46. 
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TABLE  45 

CITIES  ANALYZED  FOR  "OUTSIDE  POPULATION"  STUDY 


1. 

Abilene,  Texas 

12. 

Miami,  Florida 

2. 

Atlantic  City,  New  Jersey 

13. 

Minneapolis  and  St.  Paul, 
Minnesota 

3. 

Boston,  Massachusetts 

14. 

Mobile,  Alabama 

4. 

Columbia,  South  Carolina 

15. 

New  York,  New  York 

5. 

Denver,  Colorado 

16. 

New  York  (outside  city  proper). 

6. 

Erie,  Pennsylvania 

New  York 

7. 

Lansing,  Michigan 

17. 

Salt  Lake  City,  Utah 

8. 

Laredo,  Texas 

18. 

San  Francisco,  California 

9. 

Little  Rock,  Arkansas 

19. 

St.  Louis,  Missouri 

10. 

Los  Angeles  and  Long  Beach, 

20. 

Tucson,  Arizona 

California 

21. 

Washington,  D.  C. 

11. 

Louisville,  Kentucky 

22. 

Wichita,  Kansas 

TABLE  46 

PERCENTAGE  OF  POPULATION  OUTSIDE  STRUCTURES 

Time  of  Day  Percent  Outside  Percentage  Sta ndard  Deviation 

11:00  a.m.  9.00  0.755 

5:30  p.m.  18.50  0.258 


2:30  a.  m. 


0.  705 


0.  024 
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Noting  the  small  percentage  standard  deviations  given  in  Table  46, 
it  is  evident  that  each  of  the  three  population  percentages  outside  will  ade¬ 
quately  represent  the  fraction  of  the  total  population  that  is  outside  at  the 
stated  time  (insofar  as  this  equation  and  these  cities  are  concerned).  As 
these  cities  range  widely  in  population  and  geographical  location,  it  appears 
that  the  percentages  presented  in  Table  46  will  be  adequate  for  virtually  all 
of  t  le  cities  in  the  continental  United  States,  excluding  Alaska. 

S.  APPLICATION  TO  CASUALTY  CURVES 

From  Table  46  it  is  seen  that  about  9.  0  percent  of  the  urban  popu¬ 
lation  are  outside  at  11:00  a.  m. ,  whereas  18.  5  percent  are  outside  at 
5: 30  p.  m. ,  during  ru Jh  hour.  As  an  average  to  use  during  the  daytime,  a 
value  of  13  percent  was  chosen  to  represent  the  percentage  of  the  popu¬ 
lation  outside.  The  construction  percentages  in  Table  44  were  then  reduced 
proportionately  in  order  to  add  to  8?  percent  instead  of  100  percent.  (Note 
fhat  the  assumption  is  implied  that  people  are  distributed  by  structural  type 
according  to  the  above-ground  floor  area. ) 

Table  47  thus  presents  the  list  of  typical  areas  and  their  various 
construction  percentages  which  were  used  to  draw  the  casualty  curves. 

The  population  percentage  outside  was  divided  up  into  those  who  were  out¬ 
side  and  shielded  (OS)  and  those  who  were  outside  and  unshielded  \QU). 

This  division  varied  according  to  the  typical  area  or  land  use. 

The  casualty  curves  are  not  very  sensitive  to  the  magnitude  of  this  value. 
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TABLE  47 

TYPICAL  URBAN  AREAS  FOR  CASUALTY  CURVES 
(Some  Population  Outside) 


Percent  Construction  by  Type 


Category 

WF 

BR 

ARC 

JRC 

HSF 

LSF 

OS 

OU 

1. 

Downtown  in  Large  Cities 
and  High  Apartment  Bldgs. 

3 

30 

52 

1 

1 

0 

6 

7 

2. 

Downtown  in  Medium  Cities 

12 

35 

37 

1 

2 

0 

5 

8 

3. 

Downtown  in  Small  Cities 
and  Suburban  Shopping 

12 

48 

22 

0 

4 

1 

5 

8 

4. 

Light  Manufacturing, 

Heavy  Manufacturing  in 
Medium  Cities,  and  Ware¬ 
houses 

11 

38 

31 

1 

4 

2 

5 

8 

5. 

Heavy  Manufacturing  in 
Large  Cities 

18 

23 

36 

2 

6 

2 

5 

8 

6. 

Heavy  Manufacturing  in 
Small  Cities 

26 

55 

2 

0 

4 

0 

5 

8 

7. 

Low  Apartment  Bldgs, 
and  Large  Residences 

31 

46 

9 

0 

1 

0 

4 

9 

8. 

Small  Residences  in  Large 
Cities 

47 

38 

2 

0 

0 

0 

4 

9 

9. 

Small  Residences  in 

Medium  Cities 

58 

27 

2 

0 

0 

0 

4 

9 

10. 

Small  Residences  in  Small 
Cities 

70 

IS 

1 

0 

0 

0 

4 

9 
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CHAPTER  VHI 
CASUALTY  CURVES 

A.  TOTAL  INJURY  CURVES  BY  CONSTRUCTION  TYPE 

A  complete  set  of  mortality  and  injury  curves  was  developed  in  a 
previous  Dikewood  Corporation  report,  DC-FR-1028  (Ref.  4).  However, 
the  injury  curves  were  separated  as  to  blast,  thermal,  and  nuclear  in  that 
report.  Since  numerous  people  were  injured  in  more  than  one  way,  the 
sum  of  these  injury  curves  often  added  to  more  than  100  percent  and  had 
no  physical  meaning.  Of  course,  the  purpose  of  the  previous  presentation 
was  to  provide  data  on  the  medical  load,  i.  e. ,  the  number  of  cases  of  each 
type  of  injury.  Total  injury  curves  by  construction  type  have  now  been  pre¬ 
pared  in  this  report  to  complete  the  picture. 

It  was  also  apparent  that  the  blast  injury  curves  by  construction  type 
in  DC-FR-1028  predicted  injuries  at  too  great  a  range.  This  effect  arose 
because  for  lack  of  anything  better  the  blast  mortality  scaling  factors  were 

also  applied  to  the  injury  curves.  These  scaling  factors  were  greater  than 

0  33 

ordinary  cube -root  scaling  (W  *  )  due  to  the  effects  of  dynamic  pressure 

on  structural  damage  in  the  high-overpressure  region.  It  is  now  felt  that  the 
tails  of  the  blast  injury  curves  should  conform  to  cube -root  scaling  since  the 
injuries  are  primarily  due  to  overpressure  alone  at  these  longer  ranges.  In 
order  to  provide  smooth  curves,  the  scaling  factors  were  gradually  increased 
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with  decreasing  range  from  the  tails  until  they  merged  with  the  blast  mor¬ 
tality  scaling  factors.  The  point  of  merging  is  physically  associated  with 
the  region  just  prior  to  the  peak  of  the  injury  curves  (and  thus  with  the  tails 
of  the  mortality  curves).  However,  in  no  case  was  the  maximum  percentage 
of  injuries  for  the  original  blast  injury  curves  appreciably  altered.  The  pre¬ 
vious  mortality  curves  were  unchanged  and  are  correct. 

Similarly,  it  was  felt  that  the  thermal  injury  curves  fo.  ti  •  outside- 
unshielded  category  predicted  injuries  at  too  great  a  range.  Thus,  these 
curves  were  revised  slightly,  and  the  revision  is  reflected  in  the  new  total 
injury  curves  for  the  outside -unshielded  category,  which  are  due  predomi¬ 
nantly  to  the  thermal  data. 

The  total  injury  curves  by  construction  type  were  then  drawn  with 
the  primary  emphasis  on  the  blast  injury  curves  but  with  the  thermal  and 
nuclear  injury  curves  making  contributions  when  applicable.  For  the  yields 
of  interest  the  nuclear  injury  curves  did  not  make  any  significant  contri¬ 
bution  to  the  total  injuries,  with  the  exception  of  the  Japanese  reinforced- 
concrete  buildings;  at  close  ranges  the  nuclear  injury  curves  bad  sjme 
effect  on  the  total  injuries  for  these  buildings.  With  increasing  yield,  ther¬ 
mal  radiation  becomes  increasingly  more  important  than  blast  at  the  longer 
ranges.  Thus,  the  main  result  of  the  thermal  injury  curves  was  to  extend 
the  tails  of  the  total  injury  curves- -all  in  a  very  similar  manner.  The  total 
injury  curves  by  construction  type  are  presented  in  Figs.  8  through  15  for 
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surface  bursts  and  yields  of  0. 4,  1,  4,  10,  25,  and  50  Mt.  Similar  total 
injury  curves  are  presented  in  Figs.  16  through  23  for  Hiroshima  scaled 
heights  of  burst  and  the  same  yields,  (All  casualty  curves  are  presented 
at  the  end  of  this  chapter.  > 

It  should  again  be  noted,  as  it  was  in  DC- FR- 1028,  that  these 
curves  apply  only  for  fairly  low  structures  less  than  five  to  ten  stories  in 
height.  Of  course,  the  reason  for  this  restriction  is  that  the  buildings  in 
Hiroshima  (the  data  source)  were  all  low  in  height. 

B.  TOTAL  MORTALITY  AND  INJURY  CURVES  FOR  TYPICAL  URBAN 

AREAS  (DAYTIME— SOME  POPULATION  OUTSIDE) 

Table  47  gives  the  construction  percentages  for  the  various  types  of 
construction  or  shielding  for  the  ten  typical  urban  areas.  The  various  con¬ 
struction  types  which  were  used  were  based  on  DC-FR-1Q26  and  are  as 
follows:  Japanese  reinforced  concrete  (JRC),  American  reinforced  concrete 
(ARC),  heavy  steel  frame  (HSF),  light  steel  frame  (LSF),  brick  (BR),  and 
wood  frame  (WF).  In  addition,  there  are  the  categories  for  people  who  were 
outside  and  shielded  (OS)  and  those  who  were  outside  and  unshielded  (OU). 

Utilizing  the  total  mortality  curves  by  construction  type  from 
DC-FR-1028,  the  total  injury  curves  by  construction  type  which  were  just 

The  Hiroshima  scaled  height  of  burst  is  846  feet. 
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developed,  and  the  various  construction  percentages  in  Table  47,  total 
mortality  and  total  injury  curves  were  constructed  for  an  unwarned  popu¬ 
lation  (daytime)  for  each  of  the  ten  typical  urban  areas.  The  curves  were 
constructed  point  by  point  by  multiplying  the  construction  fraction  from 
Table  47  by  the  mortality  or  injury  fraction  for  the  desired  range  and  yield 
on  the  mortality  or  injury  curve  of  corresponding  construction.  The  re¬ 
sults  of  the  above  products  were  then  summed  over  all  eight  shielding  or 
construction  categories  and  then  plotted  as  a  single  point  for  the  same 
range  and  yield  for  the  particular  mortality  or  injury  curve  (and  typical 
area)  under  consideration.  (Note  that  this  procedure  again  implies  that 
people  are  distributed  by  structural  type  according  to  the  above-ground 
floor  area. ) 

During  the  analysis  of  these  curves,  categories  two  and  five  of 
Table  47  were  found  to  provide  similar  results,  primarily  because  of  the 
large  size  and  nearly  equal  magnitude  of  American  reinforced -concrete  con¬ 
struction  in  the  two  categories.  Thus,  these  two  categories  were  combined 
in  presenting  the  resulting  curves. 

The  total  mortality  curves  for  surface  bursts  are  presented  in 
Figs.  24  through  32  for  yields  of  0.4,  1,  4,  10,  25,  and  50  Mt.  The  total 
injury  curves  for  surface  bursts  are  given  in  Figs.  33  through  41  for  the 
same  yields.  (The  categories  are  defined  in  Table  47. ) 

Note  that  these  data  are  based  on  13  percent  of  the  population  being  out¬ 
side.  (Normalized  curves  are  presented  in  Section  D  for  the  case  of  "no 
population  outside.  M) 
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The  total  mortality  curves  for  the  Hiroshima  scaled  heights  of  burst 
are  presented  in  Figs.  42  through  50  for  yields  of  0. 4,  1,  4,  10,  25,  and 

jje 

50  Mt.  The  total  injury  curves  for  the  Hiroshima  scaled  heights  of  burst 
are  given  in  Figs.  51  through  59  for  the  same  yields.  (The  categories  are 
defined  as  before  in  Table  47. )  As  in  the  basic  data,  the  above  curves 
apply  only  for  fairly  low  structures  less  than  five  to  ten  stories  in  height. 

It  should  again  be  noted  that  the  above  curves  are  all  based  on  an 
unwarned-daytime  population  with  13 -percent  of  the  population  outside.  It 
was  felt  that  this  configuration  could  be  more  accurately  represented  since 
an  unwarned  population  data  base  (Hiroshima)  was  the  primary  source  of 
information.  Other  population  distributions  are  presented  in  Section  D. 

For  ease  in  comparing  results  for  a  given  yield  and  burst  height. 
Figs.  60  and  61  were  prepared  showing  all  the  categories  for  mortality 
and  injury,  respectively,  for  a  10-Mt  surface  burst.  From  this  presenta¬ 
tion  it  can  be  seen  that  the  heavier  construction  provides  a  lower  mortality 
rate  and  a  higher  injury  rate.  Of  course,  the  increased  injury  rate  is  due 
to  the  heavy  debris  from  such  buildings. 

C.  TOTAL  CASUALTY  CURVES  FOR  TYPICAL  URBAN  AREAS 

(DAYTIME— SOME  POPULATION  OUTSIDE) 

After  completing  the  total  mortality  and  injury  curves  for  the  typical 
urban  areas,  the  next  step  was  to  sum  them  and  obtain  total  casualty  curves. 

The  Hiroshima  scaled  height  of  burst  is  846  feet. 


The  resulting  curves  are  not  presented  here,  but  some  of  the  findings  may 
be  of  interest.  It  became  evident  that  the  casualty  curves  varied  signifi¬ 
cantly  only  for  three  different  groups  of  typical  urban  areas.  These  group¬ 
ings  were  divided  into  heavy  construction,  consisting  of  categories  1  through 
5  from  Table  47,  medium  construction,  consisting  of  categories  8  through  8, 
and  light  construction,  consisting  of  categories  9  and  10. 

None  of  the  casualty  curves  were  radically  different.  Of  course,  the 
reason  is  that  the  heavy  buildings  provided  fewer  fatalities  but  more  injuries, 
whereas  the  lighter  buildings  provided  more  fatalities  but  nearly  the  same 
total  fraction  of  casualties  as  the  heavier  buildings. 

D.  ATTACK  CONDITIONS 

Of  course,  all  of  the  curves  previously  described  are  for  an  unwarned 
daytime  population.  However,  certain  approximations  may  be  made  with 
these  curves  to  arrive  at  nighttime  and  warned  configurations. 

1.  Unwarned- Nighttime  Mortality  and  Injury  Curves  for  Typical 
Urban  Areas  (No  Population  Outside) 

To  derive  this  new  set  of  curves  from  the  previous  unwarned- daytime 
curves,  two  changes  were  made  as  follows:  (1)  the  people  outside  were  pro¬ 
portionally  redistributed  to  inside  locations  and  (2)  the  tails  of  the  mortality 
and  injury  curves  resulting  from  this  calculation  were  then  lowered  further 
to  eliminate  the  thermal  contribution  to  casualties  within  shielding  struc¬ 
tures  (through  windows).  However,  the  leading  edges  and  peaks  of  the  new 
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injury  curves  had  to  be  raised  to  offset  the  lowering  of  the  tails  of  the  mor¬ 
tality  curves.  Thus,  some  of  the  mortalities  were  replaced  by  injuries. 
Normalized  versions  of  this  set  of  curves  are  presented  in  Fig.  62  for  the 
mortality  curves  and  in  Fig.  63  for  the  injury  curves. 

For  the  mortality  curves  it  was  found  that  a  single  normalized  curve 
would  cover  adequately  all  of  the  typical  areas,  yields,  and  burst  heights. 
However,  for  the  injury  curves  it  was  found  that  three  normalized  curves 
were  required  to  cover  adequately  the  various  typical  areas.  (Yield  and 
burst  height  had  only  minor  effects  on  the  normalized  injury  curves. ) 

Group  1  represents  typical-area  categories  1  through  5  of  Table  47;  group  2 
represents  categories  6  through  8;  and  group  3  represents  categories  9  and 
10. 

To  utilize  these  normalized  curves,  one  merely  examines  the  appro¬ 
priate  unwarned-daytime  curve  from  Figs.  24  through  59  at  some  fixed 
range  to  find  the  percent  mortality  or  injury,  as  the  case  may  be.  Using 
this  value  as  the  abscissa  on  the  appropriate  normalized  curve,  the  corres¬ 
ponding  percent  mortality  or  injury  at  the  same  fixed  range  for  an  unwarned  - 
nighttime  condition  is  read  from  the  ordinate  of  the  normalized  curve.  This 
procedure  is  repeated  for  all  desired  ranges.  One  should  note  that  the  mor¬ 
tality  and  injury  curves  thus  obtained  for  an  unwarned -nighttime  condition 
are  somewhat  less  reliable  than  those  curves  dra  wn  for  the  unwarned¬ 


daytime  configuration. 
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To  illustrate  the  above  procedure,  consider  a  point  on  the  10- Mt 
curve  of  Fig.  33  at  a  range  of  20  kft.  The  percent  injury  for  an  unwarned¬ 
daytime  configuration  is  read  as  32.  5  percent.  Since  this  curve  is  for 
category  1,  one  should  read  the  leading  edge  of  the  normalized  group- 1 
curve  in  Fig.  63  where  the  abscissa  for  daytime  injury  also  reads  32.  5 
percent.  The  ordinate,  giving  the  nighttime  injury  percentage  with  all  of 
the  population  inside,  can  then  be  read  as  36.  2  percent. 

2 .  Warned  Mortality  and  Injury  Curves  for  Typical  Urban  Areas 
(No  Population  Outside) 

These  curves,  which  apply  during  either  day  or  night,  were  obtained 
by  lowering  the  tails  of  the  unwarned-nighttime  mortality  and  injury  curves 
to  reflect  the  better  shielding  posture  of  the  warned  personnel.  (One  should 
note  that  the  people  are  still  distributed  throughout  the  building.  )  Again,  the 
leading  edges  and  peaks  of  the  new  injury  curves  rise  to  offset  the  lowering 
of  the  tails  of  the  mortality  curves.  Thus,  some  of  the  mortalities  were 
replaced  by  injuries.  Normalized  versions  of  this  set  of  curves  are  pre¬ 
sented  in  Fig.  64  for  the  mortality  curves  and  in  F.  .  65  for  the  injury 

curves. 

Again,  it  was  found  that  a  single  normalized  curve  would  cover  ade¬ 
quately  all  of  the  typical  areas,  yields,  and  burst  heights  for  the  mortality 
curves.  However,  thr^e  normalized  curves  were  required  as  before  to 
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cover  adequately  the  various  typical  areas  for  the  injury  curves.  (Groups  1, 
2,  and  3  have  the  same  meaning  a*  that  defined  in  the  preceding  section. ) 

The  utilization  of  these  normalized  curves  is  the  same  as  that  de¬ 
scribed  in  the  preceding  section,  except  that  now  the  percent  mortality  or 
injury  as  read  from  the  ordinate  of  the  appropriate  normalized  curve 
applies  to  a  warned  condition.  These  warned  curves  are  only  estimates  and 
are  the  least  reliable  of  the  mortality  and  injury  curves  presented  i w  this 
report. 

E.  NATIONAL  CASUALTY  ASSESSMENT 

In  order  to  make  a  national  casualty  assessment  utilizing  the  set  of 
mortality  and  injury  curves  classified  by  typical  urban  area,  one  needs 
land-use  maps  for  the  various  cities  of  interest  across  the  country.  These 
maps  allow  one  to  determine  the  physical  locations  within  the  cities  which 
may  be  associated  with  a  given  "typical"  urban  area  as  defined  in  this  re¬ 
port.  This  association  then  determines  the  set  of  mortality  and  injury 
curves  lo  be  applied. 

A  note  of  caution  should  be  injected  into  the  discussion  at  this  point. 
The  mortality  and  injury  curves  classified  by  typical  urban  areas  were 
developed  primarily  for  national  casualty  assessment.  When  they  are  used 
for  one  or  a  few  cities,  the  results  may  not  average  out  as  they  would  on  a 
national  basis,  thus,  the  casualties  may  be  slightly  overestimated  or  under¬ 
estimated,  as  the  case  may  be. 
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TOTAL  INJURY  CURVES  FOR  HEAVY  STEEL-FRAME  BUILDINGS  FROM  HIROSHIMA  SCALED  BURST  HEIGHTS 


-127- 


SB  sss  vs  m  BBSS  mmmmm  mmmmm  m  m  m  m  •  w  s mm  mmqmmm  m  ss  mm  sms  v  ™  m  ■  m  mmmm  m  mmmm  mmmmm  mmmmm  mmm  mm  ■■ 

ft ■  Mai|  immim*!  MMatMta  itaai iaaai  •— •■  auaa  laaaaaaaaa  aaaaa ami  ti 

S«  can*  laaaiiaaai  liaia  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  ai 
fa aaaaa aaaaa  aaaaa aaaaa aaaaa  aaaaa  aaaaa  aaaaa aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa aaaaa at 


•■sssssssw  mm  ■■■ 

—iaa——* 
•aaaaasiaa  aaaal 


nsii 


assaiasdafias— s 

s:::is:  !«is»uiss 


a  aaaaa  .aaaaa  aaa aa  aaaaa  a 


aaaaa  mH 

asas: 


a  aaaaa  aaaaa  aaaaa  W - 

a  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  mmm 
a  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaatimi 
a  aaaaa  aaaaa  aaaaa  a  aaaaaaaaa  aaaaa  aaai 


•  a  —  a  aS9H  fiaa  a?»  aa  aa  a  sail 

*  aaai  aaaaa  aaaaa ftaaaaaua; 
aaaal  iaaaaaaaia aaaaa  aa  rai 

MMM|nafna«M  iaa 


aaa aaaaa  aaaaa a 

mum aaaaa aaaaa ■ 


Sggj 

B  IsH  1 

aaaaa  aaaaa  aaaaa  a— aa  i 
aaaaa  aaaaa  aaaaa aaaaa  i 


Ipasap 

ssssssisa: 


■i  aaaaa  aaaaa  a 

SSSHRSSKH 

■■csns; 


_ _  aaii 

tmmmrn  >Ma»  «»M»MM^i 
•aaaaaaaaa  - - - - 


aaaaa aaaaa  aaaaa  aaaaa  aaaaa  I 
aaaaa  aaaaa aaaaa  aaaaa aaaal 
aaaaa aaaaa  aaaaa aaaaa  aaaaa 
[aaa  aaaal  aaaaa  aaaaa  aaaaa 
[aai  aaaaa  aaaaa  iwaMaa 
■ui  aaaaa  aaaaa  aaaaa 
•  aa— ———— a— — | 


■  aaaaa  aaaaa  iBa8Sanii«mnMt5w^»>ft 
— M»y  aaaal  aaaaa  aaaaa  aaaaa  aaaal  aaaaa  aa 
aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaa* a  aaaaa  a* 
[aaaaa  aaaaa  aa* aaaaaaaaa aaa  aaaaaaaaa a  a* 
aaaaa  a*^*~ 
i  nn-wtiinr  a 


k  »■■■»  aaaaa  aaaaa  aa* 

RRa  aaaaa  —*a  i  aaaaa  aa* 
a aaaaa aaaaa aaaaa aaaaa aaa 
a aaaaa aaaaa aaaaa aaaaa aaa 


. . .  ■■  taa aaaaa  aaaaa aiaaaa  aaaaaaaaa* 

BSaiaggi  iKasiOsaKisssss 

•  •■■•■aiia***— **—  laaaaaaaaaaaaaaaaaaaaaaaaaaa 


sas 


•  •aaa  aaaaa aaaaa aaaaa  aaa 
•alaaaaaaa lisiiiaaa* aaa 
•a aaa aaaaa  aaaaa aaaaa  aaa 

aaa 


a aaaaa aaaaa aaaaa ■ 

(KiKSiSIHSSl! 

■*••■■  aaaaa  aaaaa  iaaaa  a 
■as—  aaaaa  aaaaa  iimai 
d aaaaa aaaaa aaaaa ■«*■** 

■kiKSKsia 


»aaa»aaOTHBBSW>*M| 

•  as-Blis* iiaaaaasaiiaa 

•  ■•••aaaaa  mn a* aaa aaa| 

•  aaaaaaaaa  aaaaa  aaaaa aa J 
•aaaaaaaaa ■ aaaaaaaaa nfl 

•  aaaaaaaaa  aaaaa  aaaaa  —a] 
aaaaa aaaaa  aaaaa aaaaa  tad 

•  alia  aaaaa aaaaa aaaaa 
•aaaaaaaaa  aaaaaaaaa* «BW 

■  aaaaaaaaa  lean  aaaal  ial 

•  aaaaaaaaa  aaaaa aaaaa aid 
aaaal  aaaaa  aaaaa  aaaaa  t  ail 
■■••••aaaaaaaaa aaaaa aam 
•■•••aaaaa aaaaaaaaaa aafl 
•a aaa aaaaa aaaaa aaaaa a*| 
iaaaa aaaaa aaaaa aaaaa 
■aaaaaaaaa aaaaaaaaaa 
aaaaa  iaaaa  aaaaaaaaaa  ■■■ 

■  aaaaaaaaa  aaaaaaaaaa  aaaaa 

■  ■•■■aaaaa  iiiti*Ma|gHd 
lainiiiM  ulnH 
•a«ai aaaal aaaaa ail 

•aaaaaaaaa  ■  ■*••••—*  aaaaaaaaaa 
■aaaaaaaaa  aaaaa ai— aybsaa mmi 

■  ■aal  aaaaa  aaaal  mantau  s— 

•aaaaaaaaa aaaal aaaal aaa aa aaaaa 
aaaaaaaaaa ■•■■••>■•■ aaaaa aaaaa  | 

■  aaaaaaaaa  aaaaaaaaaa asa— ■—  — — — ■ 
■■■■a aaaaa ■■■■* aaaaa  iaaaa  a**a»  aa  — aa— *a.| 
•a  aaa  aaaaa  M(aaaaaaia«aaa  aaaaa  fi*i*a*a*M| 
aaaaiiaalifiiaaaaaaiaaaaiaaaaa  mmmmmI 

■  aaaaaaaaa  BbbbbbBbb  aaaaaaaaaa  •■•——**■ 

•  ■••■•■•■a  Aimiimii  aaaaaaaaaa  ■■••• 
■•■■■■•■■■ iiaia iaaaa *•■■■ aaaaa ■■«»• 
■■■■■■•■■• ■aaaaaaaaa ■•■*■ aaaaa ■•*«■ 

•  ■aaa aaaal  aaaaa  aaaaa  aaaa*— **—*—*J 

■  aaaaaaaaa  aaaaaaaaaa aaaaal 
imiiiiaimumaiamd 
■•■■■•■a** aaaaa aaaaa •••*■■■ 
imiami  mmibMM  pas— a— 
MiMtaaviMMi  nail  aaaaa  iiiMH 
««■•■■■■■■ •■••• aaaaa •■»•■■•*■•  »ss| 

■—  ■■••*  aaaaa  a  •■••  aaaaa  a  ■■RWVVT1 

•  aaa*  i  summm  *—■•——•  faaaa  a  MMHan  a 
■aiaaaiaiaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaa i 
«mm aaaal  aaaaiiaaai  aaaaaaaaai  aaaaaaaaaa  a 
■*■•••■•«■ aaaaa aaaaa aaaaaaaaaa aaaal aaaaa a 


:tss 


:snsa 


sns: 


aaaaa  aaaaa  ■— a  aaaaa  aaaaa  a— a  a  aaana 

gMggsggsgagggssggs! 


isShai 


aa— a  aaaaa  aaaaa  g 
muumm  aaaaa  aaaaa  a 


a; 

f  aaaaaaaaaa aaaaa aaaaa  aaaaa 1 
•  liiia  aaaaa  aaaal  ■•■■■  aaaaa  _ 

|pdl!L:Ki:!:nssc:ss 

aaa  iaaaa ■■■■■  aaaaaaaaaa  aaaaa ; 
Imi  Iaaaa  aaaaa  aaaaa  aaaaa  aaaaa i 


IMRMiHMiiaip 

——a  a—  i— si  la*— 

sssaisnss: 


a  aaaaaaaaaa  —a—*—' 

iSSiSSiSSSK 
asaaggsa 


■  MM?  h 
a  •*— a  -* 


i  -Mia  » 


a**—  —a— 

|— aaiaaal 

aaaaa  aaaaa IPWiWWIW 
—  laaaaaaaaa  a— aa  »■  ii 
— aaa  aaaal  — —a  aaaaa  taa  *» 
aaaaa iaaaa  aaaaa aaaai  iai •• 
—aaaal  —**—**— ********** 

"SS3**—S 


•  aaa*  aaaaa m»bmmw  B*aaa  d 
■■■■■■■i  aaaai  — ■«  aaaaa  *aa*a  mmmm*  a 

d 

aaaaa  aaaai  aaaaa  aa— ■  fiwi  aaaai  aaaaa  a— aa  i[ 
aaaaa  aaaaa •■aaa aaaaa iaaaa ■■§»■ aaaaa  aaaaa a 

ssiiifflBffiisa  bsbI 

aaaaa  a— aa  aaaaaaaaai  aaaal  MM 
•aaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  a— 
!*■****■**•  aaaaaaaaai  aaaaa *■■■•  aa 


a aaaaa a 
a  aaaaa  a 


aa*2S 


i  aaa— —a  aaaaa  aa—  a 
iiUMMinwaaiMMii 
a  aaaaaaaaaa  aaaaa  a—* 


a  a— at  a— a  a**—  a 
a  aa*al  a*a*a  aaa— a 


-aa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  ■— aai 
ai  aaaaaaaaai  iaaaa  aaiai  aaaaa  a—  a—  5*8—*——  iaaaa  aaaaa! 
>ai  aaaaa  aaaai  iaaaa  ••fit  aaaaa  aaaai  aaaaa  aa— i  aaaai  aaaaa  aaaaa  i 


a  aaaaa  aaa—  aaaaa  a— «a  aaaaa 
a  aaaaa  aaa—  aaaai  iaaaa  aaaaa 
a  a—  —aaa  aaa—  aaaaaaaaaa 


sssssi 


■  r*«  ■■ 

\ommme  «*«  *» 
trass*  *«*  ai 
i—lsi  ist  ■* 
Mi  WHf  *Mt  ■« 
aa>as4  •»  •• 

————*•  ■aaaoaaatiaaat  •»<  ** 
■aaa— a  a*— iaa— aaaaaaaaai  iw  «■ 
Baa— ala— mas— aaa  aaaai  as  •* 
■a  a—  — aaa  a—  a*— a  aaaai  aa  n* 
■a  aaa—  aaaaa  aaaaa  aaa—  ■***«  aa  um 
aa— a  — *•  aa  i«« 
■as—— aaaaa  aa  iai 
— — —  aaa—  aa— a  ag—  >aa  aa* 
aa— a  aa— a  a— ai  iaa—  aaaai  a— a  id»  aai 
aaaaa  aaaaa  aaaaa  aaaaa s—  aa—  *  aa  aa* 
— a  aaa—  s—  iaaaa  aaaaa  a*sa  <•*■■• 
E  —■  aaaaa  asaai  —a—  a— ■  i  at  mi 
I— am  —a 


■  ■— as— a—  ■ 
i laaaaaaaaa a 

■  aaa—  aaaai  a 


_ ^—a  a— aa  aaaaa  ssaaa  a  a— a  a 

I  aaaaaaaaai  .aaa— aaa—  aaaaaaaaaa  asa— — a—  aa— ■—  as*  iaaaa  a—  a— aaa 
■  aasiaaaai  iaa  aaaal—  laaaaaaaai  laaaaaaaaa  a— aaaaa  ai— aaa— a  iaa—  a 
lnaaaaaaai  iaaaa  aaaai  —a  aaaaa  iaaaa  aaa—  aaaaa  aa—i  aa— fi  •—**■—*— 
iaaaa  laaaiaaaia  aaaai  laaaB— aai  ■■■■•  aaaaa  aa— a  a—  hmim 

•  MIIMMl  MMMMM  BSSSBBSSBB  aSBSIBSSBB  (■■■■>■—  UMI  B 


— —a—  aaaaaaaaaa  a— aa  aaaaa  —  aa  a— aa  a—  aaa—  ■ 
aaaaa—  a— aaa— ai  b— aa  aaaaa  a  a— a  a— aa  a— —  aa— a: 

—  >■■•■  bbs— —  »••  mmrnmm mmmmm  mmmmmmmmm*  •—*•#—— 

—  as  as*  MSB*  ■••••  !■«•«  S— SB  B——  a—  ■—■—I 

—  —a—  •— bbbsbsi  Baa— aa— •  aaa— aa— a 

r.s  S 


HMmi  •  ai  — — 
aaaaa  a— >  I*  —•  I 
*——#—•  aa  *•••  I 
•a*  ia  i— ■  I 


_ pIs—iasasL 

■sBBBBBasa ■•■■• 

•  •  ■•■  bbbmi  aaaaaaaaaa  niain - 

•  •asaassa— asa— i— a  iaaaa  ai— a 
■  —  ••■aa  ■aaaBBaaaa  a ••••••••• 


bbimb—  ai  ■•— i— aai  iaaaa  a—  mmm*  (■■■ 

•— BBB— B*  mttMMBIIBMHfnSfMIW  —I 
—a— aaa—  —•••—•  aaa— aa— a  a—*-*  a*  — • 

aaa—  — * a  a—  aa— aaa—  asaai  a— — 

MmmitlMIIINII  IMMMMI  lj 

aaaaa  a— aa  *«■■*■**»  al 

— a— aa—  a  mmi  mmi  *■«—•—  mi 

aaaaa  aaa— mmmmm  mmmmm  •••*• 
aaa—  aaaaa  paaaa  aaa—  aaapa-a*asa  aaaaa  a— aaa— a—  a  «— • 
—a—  a——  aaa—  —a—  aaaaa  ii— ■  —aaa  — aaa  aa—  a—  fi*  h—i 
aa— •  a— — a— a— a—i— —a— aaaiiaa— f  a— «ai  iaa 
a— a— ai— a— aa— aa— a— t— —  a— —  aa—  i  mi  aaa  aaaiJ 
aa*—  aaaaaa— aiaa— aa— aaaaa— aaaaaaaaaifca—i  mm  aa*  asarl 
aaa—  a— aaaaa  aaa— aaaaa  — — laaaaa  asasa  a  ad  ••  —  mm »  aaa  I 
a—  aa— a— fiaiaa—aa— aaa— a— —a  aa—  a  a——  —  *aai  a—  I 
aa— a  a— aa  a  a— a  a— aa  a— aa  aa— iaa— a—***********— a**— 
•—■a  a—  aaa—  a— —  a—  «•  imm  m 


laaaaaaaaa laaaiiaaai aaaaa aaaai aaaaa 
««■■■••••* titii ■■••■ ••■■•■■••• asssi 
•  •■•■■•••■—•«■  sssaasassi  a  — aaaaa 

■  - a  aiai - - 

iiaii 

■  aiai 


.  aaBsia—aa—aai _ 

iMinmii**Mi*aai  iaaai 
iaaaa aaaai aaaaaaaaai aaaaa 


HmSISIm 

I  aa—i— «a»  hhusBm 

aaa—  asa— 

■  — s*  ■•■■■  miss  Msssassssa  •«•«•  a»ssa  iisimsim  ■•••■■■•••  m—s 

aaaaa  a—  an— ■■  iaa—— aai  •  laaaiaa— ■  ia— ui— a  ia*f* 

■ia—  ■— aa  asa—  las—  — aia  laaaapaa—  aaaai  aaaai  ■— ai  aaa—  a— —I 
— *— ■**— m***ll*l*l*l**|aasi— aa  — aaaaa— •  ■••••aaa—  H 
[————■•■•■••■  ••—•—•••••■■•—•— 
aaaaa  —a  a—  s^— 


•aa«  •  I 
mmm  a  1 
ia  a  I 


t  •— aa  aaa—  a 


aaa— aaa  a 


a  —aaa  —aai  aaa—  ■ 

aaaaaiaaa— a— —  a 


E iaaaa 

iaaaa 

•  •••■••••■  aiBaaiaaaa  aaaaaaaaai  aaaaa  —a  aaa***a—a 

•  ••■■•••■■  mmi ■■■■■••••■  •■•  —  •••sa  a— dVTa— a  *•■•••——  I 

■  ■■•■•■■■■•—■••■— a  aa— aa— —  •m«m*Mi  ■■•— — — j 

■  laiiiiiii  imai»M<|^—^M— MM— d 
MinMMi  •aaaaaiaaa 
(MiiiMM  iaa  •»*•••• 

.-••*••••■••  •••••••—• 

’  •aaijk—aia— •»•  ■••■■'••Eaaaasaa  la—aasa—  •«—■•■• 

■  aaaaaaaaa  aaaavaas—  aaaaasaa— 

■  as— aaaai  iaa— aaaaa  aaaaaaaaaa  aaaaa  i—  aaiii— —  *— aia— —§•#—!— aiaaiaa a——  a—— 

—as— aaii  •  aiai  aaaaa  •aaa*  a—  a— a  aaa— a  aaa—  —a—  —a—  asa—  mmimIm  aaaaa#— aa  as— a  im*—M 

•  ■  mmm  .iaaaa  asssi  —aaa  aaaaa  •••••  a— as  —aai  as— a  aaaaa  aaaaa  asa—  aaa—  aaaaa  a— ass— fi  aaKaa  —aaa  aadii 

■  •—••••  —  ——■■— ■■**■■**■■•*■—■■***•***■*****■■*— a***—*********——****— ■**—■— ********* 

■  ••••—•is 

IHMIMVSt 

■  •—»  aaaai 

•  a  — •••••■ 

«■••••**•••«  —  •••wai| 

•  ■ —■  ■  tssai  ■  ' 

:  - - 

•  a  asa ••• ■* 

mmmmmI 

I  «*■«■••••■  i 

mentaii'  - 

niiifiiilllHIiniMllllllIMVIlHd 

■  ■■■••■■■a  •  —  ••■•••■  ■•••#•■•••  •sss**s^H 

■  ■■••■•■a*  ■•■■(••iai  •■■■•—•>•  •—••••sasl 

«■■■■■■•■■  ■■■■■■■■■■—— —m— *——****— j 


aaaaa  —  aaa  a— a#  —■•••••  taidttr  •  aaJ 

■Mimmmmiimii  —aaa— —a  •••••••■  ii  asi 

— a—  aa  a——  a— aa  as—  aaa—  —aaa  — •  aa—  1 
a— aaaaa  a—  alia— a  —  ••<  —  aaa  *— ••  Br  ■•■  a«H 
aaaaa  a——  aa— a  —aaa  —  —*——«•• 
a— aa— a—  aa*— aaaai  ■—■■  ■■—«•■  ■■•  •  ■••«  ***•*] 
a— aai— —  — — aa— ai  a—  at—  faaaa*  4— sff— i  .*■■■ 
■1— aaaa—  —••■aaaaaiaaa  ,—aaaiaaa  rai 
b— ——IIMMIMI  i Ml  •• 
[•■«—«  —•«  •  all  •■ 


_ _ E— • _ 

—a—  —a—  aaaaa  —aaa aaaaa  iaa*  __ 
mmmmm  mmmmm  mmmmm  aaaaa  —a—  ••»  mmm 


‘  aaaa  »•* 

aa—  ■  aaaai  aaaa  aaa— aaaaa  —  isasa  aai 

-  - 1  —• 

I  a  si 


is  s:«  Kns  : 


I— —  —aaa  an 
i— —  — a—  — ( 
iiaif  aai—  aai 


•—■aai  •— aaaa— •  aaaaa  aaaaa  aaaaa  aaaat—aaiasaaa.— aaa—  sa—  aaa— < 

»•««»■ •••••••««• •««*» 

[is—  —••«  iaiaaiasa  e| 


■  aa—  aaaai  aaaaaaaaaa  aaaaa  aa— aiaaaaa— aa  aaaaa  a— aa  laaaaa  aaaa 
■laaiuiaai  aa—a  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaai  aaaaa  aaaaa  —aai 
I  *•••  Si— —  iaaaa  —a  ••■•••«•■•  a  ala  a  aaaaa  la— a  aaaaa— aaa  aaaa • 


mmmmm  aa—a  aa—a  ai 


iaa*BBB _ 

..  _  ..  —aai  a—  a_ 

_ aaaai  —a—  aaa—  aaeaar  5L  - 

aaaaaa—aa— aaaaaaia  lass'  —is 


*'  iai  —•••—•••  • 

-aaaa  a— aiaaaaa  lIVPIV 
si  ass'  ••— a  a—  aa— — ■■  iaaaa  a* 
aa  •#  ••—•••  aaaaaaaaaa  mmmmm  as 


p—a  ma 
HBVasi  ma  >1 

a  ad—  aa  tin 
aiaaaaa  mi  i 
im  • 
*i  —i  ■ 

*  m  • 
mi  I 
um*  bbj  « 
IS— a  I  aa *  * 

aaaaa  i  »m 

—eay  as  * 


■  a— aaaa— a  a— aaa— aa  aaaai  aa—iaa— a  a——  ut  a—  >  aaa 

■  as— aaaa—  a—  aaaaa  aa*aaia*dii— aiai—  a  a*  a—  t  aaa  I 

■  aaaaiasaas— aaaa— aa— aaaaia— ••— aaia— a  i—a»  mmi  I 

■  aa— I  mmmmm  aaaaa  aaaaa  s—  a— aa  — — a  aaaaa  •  —  «*s  1 1 

■  aaa—  aaaaa  —aaa  aaa—  aaaaa  aa— aasaaa  aaa—  <aaaa  maa  <  I 
*  aa— a  aaaaa  aaaaa  a*aaa  aaa—  a— aa  aaaasiia—  *a— a  raat  i  I 
a— a—  a—  —a— aaaaa  •—•*—•  —  a— —  aa>  —a—  isaa*d 

—aaa— a—  aa— aa*—  —  aaa —aaa  —  ■—  —  .  — 


a» 
6 o 
C 
nJ 

o  « 
o 

a  a 


•aaaa  afaaag— laaaaa— —  —a— a*— a  adaaaa— as  aaaa* aaa  •  aaa—  —a—  —a—  — r  a— ia*  ait  I 
a— ly  a— aa  a—  ai  aaaai  aia—  as*—  aaaal  a— aa  aa—i  a— aa  as  a  aaaaa  Basis  mmmmm  aa—  ,  a——  i  <—•  I 
•aa—  a— —  —a—  sa— •  s*a—  saaas •••••—•••  — •—  '  —  —  §■•••— 1^* •———•>  *— — —  —••  I 


ig^gatsaas 
iU::sissu:  a:: 


—  a— sa  a— — •••  —  .as  •— .— •  ai— a  —  »  I 
f—iia—  a—  •**•••’#•—  i— mdmmmmm  —  —  ib— i  »  I 
■*•—••— •••—ii'  iBSas ia— is— sa  •••*  i] 

a— •■•••—  — »>•— aaa  ia— a  is—  —a-  aaaa  *  I 

■HHHHIlllMiMiM  MBffBMM  M>  M«M*J 


•  ••••  •••••  ■•■#•  •—  ia— laaaaa  ■  • 

■■••■■aa—iaa— —aaiaia— — a— —— a—aad* 

•  •*■*  aaaai  ••■••■—••  -aa—a aai  ••••■•••• 

■  •■■MliSIMIIMMII 

—iaa  —  a—  asa  aaaaa—  a  Mia— a—iaasaadadj 
iBili'aifai—  a—  aaiai  iaaaa •#•—' •■••■* fid 
•— aiiiiaa  ••——•—■  ibbbib— ••  •••■] 

■  •■•••••••  •  —  —•■••■  •SIS*  —  SB*  *•••  j 


•aai 


••••••••*•••••—••——••—•■•—'  «•*— a  —a—  aaa—  •*•—•»•»••'  —I aaa—  aaaai  .•••■—  >••  I 

a—  sad—  aaaal  a— aa  ad— as— aa  »-  -»••  aaa—  a— ia  iaaaa  sa— a  aais  a  .'aiaaaaa—  aaaai  iaa—  i - - - —  1 

im §i**s  asa— as— ■  is— ■— as'  sa— a— a— —•—••*- — - -  - - 


_ _ _  .  ■  «as sa— s—  —si _ 

a  —aaa  —asa  —aia  a*v.  a  •  *— *a  —a  a— aaau. 

B  ••••••—••  —••*•  «—••  —••—•••••••—! 


*•—•—•••—•»  .aiBaaaa— aaaai— a— —••••••!'  iaa— aa  ib*  I 

aaa*  a—  •••••'■  iaaaa  a— ia  aaaai  aaaaa  aaaaa  ♦•—  *  aaa— ai  ■••  I 

a— a *•—•*'  —a  imb*,mm*mwmi*mb •••••<■#  .}  •—•••!  — •  I 

s—  —•!•••—  ■  *••—•■—•  ■••••—  mm  mmmmm  m>  mm •  I 


^■aaa  a  as— 

•  aaaaa  aaa—  aaa— > 
i  ■— aaaa— a  aaaaa  - 


_  . .  ,  - - — _ 

[  ••—•——•  mmmm  •  «•  *bb  ••••••■■•*  iilitiiii*  - 

| —BBI •—••■•■■»  ta  —  —a—  II— — 

I  ••—••—••  laiaiBdi  An— aii 

•  ■i—i—iB—iMi— paisi— a 

I  ■■«■••*••••*■**■■•  •••—#'• 


— iaaai'  .sal— « ■•••■aaaai •aaa— aai  I 
iijliiM-  ,aa*ai aaaa ■•#— ia— aa—  a—  —  •  •••aaaaaaaa—  a 
•fi—  **  «MIM*  •—•••—•—•••••— —«••  SB  aaa—  aaaa  a  — 


!•••■«  •••  a ••••••——>  .  a 

|— BafSBiBsiaiaaa*',  • 

I lai.—aaa—  aaaaiM#  /■  a. 


aaaa 
•  Mi 


i—  i— a—  —sail— i 
a ——  aa—a  —i—f—aaaar- 
a a  i—  a—  aa  a—  a  —  aa  aau . 

_  _ _ _ _ _  •*•••  *  BISS  IB*  l 

•  ■••■■IBB*  ■—•.'!•  •••••*  IBBBBB— a— daBBfBBBBBBdB— 

--BBiBaaiftia—  **•  ••••••■  ia—aa—  aai**-  v«bi 

HiaiaitBd  .  ii  as aaaaaa.  ■■»;i««li**ai  —•••«».  ,*•••—  n 


.  - iaiiiaMB...  —  - 

_ —*  i.  s—iaasB  aaaaaaaa—  aaaaa *_ 

I  •*»  —  —  ••*  •••—  “IT  flit*  «■■•••■  I— •■••—•  IIB—Bsa—IBI 


——••id 
•aai— —a 


I  taa 
|  *•• 


•laaaiaas.  . 

B.BlSa - - - 


ISBSB  **•■%'  «#*•■—»••  *  ' 


I  ••■••  BlB] 

[••aai—ai - - - -  -  _,r.  - - 

I  *  a  •  a  **—•**■  —  •■••■*  •*  hiaaiiiailis,  «a 
f  aaaai  aaaai —a— if  a—  -mmm.  ••asiaaa— 


as.  laaiaaaaaaaaf— aaa»*.  _«iaaajaaai 
aaaa  aaaai  ai  ,*—— i  iaa— — ai 

•  4—  * — Sa  s'"  .  .  *••—*•#■••• •!••§•« 


if—*  !>• 

*%sMMIi _ x__  _ 

iBBlsfi— —  IBB—— a—  a—  asa— a>  «•—  ••m 
•  aaaaa •**—  —aai  a—aa  — iia—  ial— 

- a  aa  mmm  iaa— — »—  a— aa  aaaaa  — aa  a 

•  *•— i  a—  if—  aai— I 


a— aiiaaai 
a— au 
— a— 


saisi Saiiiaaaiiiai  •Sa  b2i—  sa— J  Kmi  S— SI  aSkSi  —iai  iiaii  iaiaiiaii  a 

aal  aaaaa  iaaaa  aaaai  ai#'  ,-aaaiiaiii  •#*••<*»•—  *•*!  saasa—  aaiaaaai  aaaaa  ••'  . . 

a—  aaaaa  aaaaa  iaa**  .Vaiia—  1  iaaaa— fai  iaaai  a* —i  —  aai  aaaaa  aaaaaaaBai—B-  ,  -  aaaa 
«■«■*•■*«•■*■''  .si— a—  aaaaaaaaaa—  d—  •—  aai—  asaasssi  aaaaiaaa*'  •■•mmm 
is  **»»«»?*  ..iMkRi  •■••aaaaaaaaa— —aaa •—•■#— a*  —*•■■••••  ••**■  .sanaaaiaaaaa 


_ _ _ If  sa*  _ _  _ _ _ 

•  •BB*—  —  *  — aS^-IB*^.  ■••!••  «••  •••«••«••■  -  -  - - - - - 

■  •■■MMIflfM >*ai  (IB— SBBBBfc‘*BBBBBllBa|BBfc  M***(^<  - -•  •••■*  ••••* •••#•  MM* 

a—Ba—sBiffia^ aai  *a  — — i— aai  —»  •»•!•■•  •»- \  - ••».■*  •—§•.§*•?•  If ff • 

iiaiilaiaaiaaaiim  *_.iaa—  iaaai  •—■•  —  - -  —  -  - 

| - - 3 - 


#iaaiaas—  »r  SlB - - - - - - — — w.  _ 

mmmmmmmmm*  .*••••••••  aaaaa—  aaa •••■•••••■•■•••*  aai 

- - - -  —a—  •’  .si  aaaaiasaaa  aaaaaaaaaa  aai—  a— ••  ••••■*  *••■ 

iaaai  mmmmm  •••'  «•*••  mmimmi  ••••■••••■  aa#— aaaai  aa— a  .aaa* 
#••—•>  •imibmi  —  sa— —at aaaaBBsaaB  —••••■•#•  iaa#  mmi' 
-  - - *  a aadB ads ■••*—•  iaaaa  —aaa iaaai  •#«'  aaaaa* 

}»*MliiBi*iiiMiii  •■■■■•■■■•  *r  .••••••( 

—■•■•  —  •I  *■■■■••■■•  sBBBII  — 

a— •••das—  l— •■•■•••  ■•••••■•'  .  •—•—  •  ■ 

saasi  a  aia*  a— aa  aalSa  —a—  asaai  —iaaaaafti  .  •■  aa—i  laaaian.  ** 
rffafffliif  aaa—faa— — —iaaiaa  iaaaa .««•••■— ••■••••••■  a* 


■■iii—fiii—a 
.-•aaaa  aaaaa  t/,**i 

B».  -%••  —  ■! 


•as* 


— aaiaSaaiSaaiii7  aai 

•as •• •••■*••■■•  ‘aaaa 

- - - - MMiiaai*Mi*  .••*■• 

.  iaaai  ■■■••••—■**'  .—  iaaai 

—•aiaaaaa •*■■••■••■•■■■••' 

— .  — - 

•a  M*M**fM  mm  dm*  mmmmm  *•*•••»*  .  •••#•#•#•—#••••—•• 

—  ••—•—•••#•— ■ - ' - - -  - “*  - - - - 

i— aaa— s - - 


mmmm.mmmmm  mmmmm  m 


I  •  t  <•■*— i*a—  ataai  aai 

lias-Mia— a%#^l|— — •#—*•■••■< 


•— aa  ■•••■  laaaiiaaai  *«-* 

•••aitiasiia—i—aBii— Bdasita aai—— c*««i 
— **»kM|SMiM —ssasB— — asasasBiar- 


rs—ajIS  a——  sssa*  — •» 


BjliSai 


i  iaaai  — — «  mmi 

liSasisi:: 
■nsssiss: 

■P— fi—  saa—  —  «  — 

aiai  a  a  asa  aaiai  •——•■•■■ 

»■»«  sskssaaaasassassassss 


Injury  (%) 


-128- 


•■«••■■■■■ •  •••• ■ •■ 


»•■< 

•  ■L_ 

iiiiMrtii  iiuiuiitinaiHiu  ■  ■■■■ 


■•••■•■•■• ■•••■••••••■■■■ 


•■■i ■■■■■■■■■■ ■ 


■  iiiiiiiiiiiiiiiiiin  ■ 
•  •■■•■■■•■■  MMMMAM 


• (•••(■■•■l ■■■■••••■• ■•■■■■■•* 


*■■■■ iiiiit|iat ■•■•••■•■i aaaaa 


iMIirU  ■  ■■*■■! 


■  ■MB  •  •«■ 


■  ■■ ■■■■■■■■*• •■■■■■■■■■ ■  ■■■■■■■■! 


■  •■■■*•«■■*  ■  ■■■«  •■■•■■■■■>  ■■! - - 

Im  MMI  BIMIBB  ■■■■■  ■■■•■■■■■■  •  •■■•■*■■1 


•■■■■■•■■  ■■■■■•■■■■■•■■■■■••■ ■■■■■■■■ 


MfMi 
:M  ifiai 

■•  bMi 


■■■■■■•B ■■■■■■■■■ 
■  ibsmii  mAnr1 


k: 


_  .  ■  ■■■••■■■■■  IBBBI  ■■■■•  ••■■■Vi  BBB  ■■■■■■■■■■  ■■■■•  BBBBB  ■  •■■■  BB«BB  IMlf  #■•■•  BMM  ■  ■•■■«■■■■  ■•■*■  •■»•*■■■•■  MV 

I  IBtafl  BBBBB  ■•■■■■■■■■  IBIBBIBBII  IMIS  ■■•■•  HMIBIIII  ■■■••■■■•«  inilfMN  ■■■■■Man  ■£■■■■■■•■  •*■■■■■■■■  ■■■ 

1  •■■•■■■■■■  •■■■■■■•■■  ■■■■■■■■■■  •••■■■■•■•  ■•■•■■■■«■  sama  ■■■■•■■■■•■■■■■  ■■■•■■■■■■  AnaiBBBiaBmBiMB 


*■■■■■■■■■ ■■■ 

IUIIIMH  MS 


»::«] 


■  . . .  ■■■■••■■■■■ - 

_ ■«■■■•  ■■■•■■■••■  ■■■••■■■■■  ■■■■■■■■■■•■■■■■■■■■  ■  ■■■>•■•■■  •  ■■•■■(*««■  BMBB  ■«■■■  ■•■■■•■■••• 

I  •■•■«■■■■■•■■■•  ■■■■■  ■■■■■■■■■■  •■■■■■■•••  •••■•  iubi aaiB* H|ta UB - - 


■  BMM»S!^BBTBBBBS?BBBBBMSBBBBBMla  BMBBBMBMMBBMir 

•  ■■BBbSbB*  !■■ •■■•■■■ ■•■■■■■■■•  BBBBB  BBBBB  BMBB  BMBB  SlUl  MB! 

•  ■■■■■■■■■  BBBBB  BMflBB  ■■■■■■■■■■  BBBBB  ■■■■BJBliMB  ■■■■■  IMlIBIBlIPNillHVIIIIVM 

•  •■■■•■•■■  ■  ■•••'•■■•■  ■■■■■■■■■■  ■»■■»■•■■»  ■■■■•■■Ma  •■•■•••■■■  ■■•■■■■■M  BBBBB  BBM 
IBBBI  BBMB  !••••■■■■■  BBBBB  ■■■■■  ■■■■nilll  iHlBBlNI  BB  BIB  BBBBB  BBBBB  MMB  mUBBUI 

tBiariiaai  bbbbb  ■■■■■  aaaaa aaaaa  bbbbb  «■■■■■■■■■  ■•*■■  ■■■■•■■■■•  ■■■■■■■■■■  laaiinah 


•  ■■■■BBBBB  BBMB ■■■■■■■■■■■■■••  IBWlI 
||BBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BaaBBfl 

[■■■  ■■•■■  ■■■•«■■••■  lanaMaai  aa 


•  ■■SB  BBBBB  BBBBB  •■»■■  ■■■■■*■■■■  BBBBB  ■■■■■  BBMB  •■■■■  IINIHKI  BMMBBMB  ■BBBBBBBB1  ■■■■■BBBBB  BBMB  ■■■■«■■■■■  ■■■BB  SI 

■  •■■■BBBBB  BIIBBBIBII  ■■■■£  ■■■■■  BBMB  BBBBB  IlMI  BBMI  HltMUII  •*•■•  ■■■■■  ■■■•«  KfU  BBBBB  BBBBB  BMBB  BBBM  ■■•■■■■••«  • 
BBBBB  BBBBB  ■■■■■■■■■■  BBBBB  BBBBB  BBBBB  ■■■  BB  •■■■■  ■■■■■  •■■■■■■■■■  B  ■■  BBBBBBB  •■BBBBBBM  BBBBB  BBSS  ■  BMBB  •■■■!■•■■•■  IMM* 

- - — - - -  -  - — a  bbbbVbbbbb  bbbbb  •■■■■■■§•«  ■■■■■■■■■•  aaaaaMBBB  B»taa- -  — — —  - ~  — -  ■». 

salt  #•  1 

■■■  ■■ 

■  ■•■■■■■M'BBBBB  BBBBB  BBBBBBBBBB  ■■■■■■■•■■  ■■■■■■■«■■  MIIB  ■■•■•  ■•■■•  ■•■■■  ■■•■■  BMBB  BBMB  BBBBB  SataaS  BBBBB  laa^^^M 
BBBBB  BBBBB  ■■■■■■■■■■  BBBBBBBBBB  ■■■■■■■■■■«■■■■■■#■■  BBBBB  BBBB1  BBBBB  ■■■■•  ■•MBBMBB  BBBMBMM  HUIBiaMIHBIIBMW 

■  ■■■•  ■■■■•BBBBBBBBBB  IBM  ■■■■■■  ■■■■■■■•■■  BBBBBBBBBB  ■■■■■■■■■«  ■■■■•■MM  BBBBB  BBBBB  HUIMMI  ■«■■■»■•■>  BBBBB  aifil  B| 

•  ■■■■BBBBB  BBBBB  BBBBB  ■■•■■■■■■■  ■■«■■  ■■■■■  BMM  BBBBBBBBBB  BBBM  ■■■■•  BBBBB  BBBBBMBBB  ■■■■•  BBBlBB  M  MB  •■«■•  ■  »*■,■■•«*«  4 


star. 


IBB  ■•■•■■■#*•  ■■•■■  ■•■■■  BMBB  ■■■■■  ■■■■■  BBBBB  ■•■■■■■•*■  ■■  BBB  ■■■BBBBMB 
IBB  ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■  BBBBB  MBB8  BBBBB  BBBBB  »■■■»•»>»»■■••» 
IB ■  BBBBB  ■■■■■  ■■■■■  ■■■■•  BBMB  BBBBB  BBBBB  ■■■■■  ■■■■■  ■■■«■  ■■■■■■■■■■  ■  ■•■*. 


E!K” 

■  ■•■•BN 

■■■■■iiiia 
!■■•■■  ■■■Nib  m 
■  •■■■•■«■■■  ■! 
p •■■■■■■■■■ ■ 

■ •■•■»■••«• M 
■H  iiiBimia  iSH 
■  BMBB  BMBB  BMBB  BMBV 

eviiBaiMiii  bmbJ 

k««*t •  «■*• 

tfllB BBBBB 


■■■■■ BBBBB 


ui:3 


•■■■■ 


aaaaa 


■■■■■■■■■■  (Bl'il  ‘ 

■ - ■•■■■■■ cbi aa  I 


MB' 

■  I 


■  ■Ml 

■  ■■■ 


•■■■■■Bi 


iB  ■■■■■  »■«  ■■ 

mbbi  a 

■■■BI ■ 

Bbmbi  a 


■■■■■■■a bbbbi i 


InVfVnVWnVaillllBB  ■•■■■■■■■•  llflffiftWt*tffi**Wf**f****ffiii*l*iaWi*aaBB*B*WaBB*»*aB*Bi*BBBBBBB*BBBBBBB 
I  *••■■••■■■■■■■■■•■■■  iMiMiaat  •«■■■■■«••  ■■■■■■■•■■  ■■■■■■■■■■  ib  ■■■■■■■•  ■■■■■■■■■■  ((auaiMi  ■■■■■■■■■■■■■■«%■■•] 

I  •■■■■■•■■■  ••••■■■■■•  ■■■■•■•*■•  ■■■■■■■■■■  BBBBB  IIBIt  ■••■■■■••■■•■■■■■■■■  ■■■■■■■■■■  BBBBB  BBBBB  BBBBBMBBB  ■■BBMMM 
I  •■■■•■■IBIBBBBB  BBS  ■■■■■■•■■■■■  ■■■■■  BIB  II  IIIBIIIIBI  •■  BBB  BBBBB  ■  ■■■■  ■■■■■  BBBBBBBBBB  •■■■•■■■•■  ■■■■■■■■••■  ■■•■ 

!•■• ■■■■■•■  ■IMBBIBBIBIIBIIiailllBIIBMIl  BB ■■■■■•■■  •■■■■■■■■■■■■&■■•■•■  ■■■■■■■■■■  BBBSB  BBBBB  ■■■■■■■■■■  BBBBBH 
IliaillMM  •■■■■■■■■•  ••■■•■■■■■  BBBBBBBBBB  ■«■■■■•■■•  ■■■■■■■■■■  ■■■■•■MM  MBIB  ■■•II  ■••■■  MBBI  ■■■■•■•••■  BBBBB  B^H 
Li •■■■■••■•  ■■•■•  ■■■■■  ■■■■■  ■■■■■■■■■■  ■■■■■•■■■■  ■■■■■■■■■■  ■■■■•■■MB  ■  ■■■■  MSB*  ■•■»■■■■■■■■••■■■•■■ 

!•■■••  •■•■•  ■■■•••Mas  ■•■■■  ■■■■■  ■■■■■■■■■■  *•■■■•■•■■  ■■■■■■■■■■  •■■■■■■•■■  »•■■•»■»■■  ■mmbmm  ■■■■■■■■■■  •■■••••mb  ■■■■■■■■■■  ■■•■■Man  inn  i ■ 

•  ■■■I  BBBBI  BBBBB  ■■■  la  «■■■■■■■  Ml  !■■■■  ■■■■■■■■•■■■■■■  ■■■■■■■■■•  ■■■■■  BMM  ■*•■■■■■■■  ■  »••■■»••■■■■■■■■•■■  »MM  ■••■■  MMBBMM  ■■■■•■■■■I  !■■■>  ■■  ' 

•  ■■■I  BBBBB  ■■■■•■•■•!  ■■■■••■■■■  ■■■■■■■■■I  ■■■•■■■■■■  MMM|||M|MMMMMMMMMMM|MMM|MMa||MM|MMMgMM|M||aMMMMMM|aMMM| 

I  ■  BIB  ■■■■•  a  ■■••■■■■■  bibb  a  bbbbi  bbbii  mbbi  !■■■■■■«■■  ■ 

■  ■••■■■■••  BBBBB  •■••!  ■■■■■■■■■■  ■— 

•  *■•■  ■•■■■■■■■■  ■■■■■•■■■■  BBMI  ■■■■•■■■■■•••■■  ■■■■■■■■•■■•■■■■«■■■  ■■•■•■■•■■•■•••■•*••■■■••■■■••  •■••■■■■■I  •■■■■■■■■■  BMBB  IllliaaBB  ■•  IBB  I 

«■■•■■■■•■  ■■■■■■•■■■  ■IBIiailBI  BB||I  ■■■■!■■■■■■■■■■  ■■■■•  ■■•■■  ■■■■•■■■■■  ■■••■  ■■■■■  ■■■■■  MM<  ■■■■■  ■■■■■  ■■■■■■■■■■  >■■■■  BBBBB  ■■■■■  ■■■■>  ■■■■»■■  »■■  I 
a ■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■  ■***■■■■■■■■■■■■■■■■ ■■■■■■■■■■ ■■■•■■■■■>■■■;■■■■■■ •■■■■■■■■■ ■■■Mgfjff ■•■■§■■■■■ ■»■■!<■■■■ «■■■■■■■■■ ■■■■  »■■  III  f 


'  iff  "VI 

:  )k| 


a  BBBBBBBBBB  ■■■■■■■■■■  ■•■■■■■■■■  BBBBBBBBBB  BBBBBMBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBB  ■■(■•I 

_ am  laamaiM  iaaii  ■■■■•  imii  ■■■■■  aaai*  ■■hi  ■••■■■■■•biibbb  ■■■■■«■■■  ■■  I 

■  ■BBBBI  •■■■■■■■■■  BBBBBBBBBB  BBBBB  BBMB  BBMB  BBBBB  ■■■■■■■■■■  ■■■■■■■■■■  ■  BB  BB  ■■  BB  ■  BB  ■  BB  ■■  ■  ■  I  ■  ■  B  B  B  BUB  ■  ■■•■  BB  (■•  I 

■  ■BBBBB  BBBBBBBBBB  BBBBB  BBBM  ■•■■■■■•■  I  ■■■■■  BBMB  BBBBB  MfcBB  BBBBBBBBBB  ■■■■■■■■■■  BBBBBBBBBB  BMBBBBSbB 

(■Li  ■■■■■•■■■■■■■■■■■■■•■■MB  ■■■■■■■■■•■•■■•■■■■■  IMBlfiBBI  BBBBBBBBBB  ■■■■■■■■■■  ■■■■■  BBBBB  ■  IBM  ■■■■•  a^H 
•  ■■■■■■•■■  ■■■■■■■■■■  ■■■■■■■■■■  ianilB«BI  ■■■■•  BBBBB  ■■■■■■■■■■  ■■■■■■■■■•■■■■■■■■■•  BBBBB  BMBB  ■■••«■■*•■  MIBB  ■  ■  ■  BI  ■•■■!  BBBBB  BBBBB  BBBBB  ■■■■  HI  III  I 
•  ■■•■■  ■■■■■■■■■■■■*■  •■•■■■■■■■  BBBBB  BBBBI  BBBBI  ■■■■■■■■■■■■■■■  ■■■■■■■■■■  ■■■■■  ■■■■■  BMBBMMB  ■■■■■•■■■•  MBBBBBUM  ■■■■■■■■■■■■■■■■■■■§  MBB  IB*  ■■■ 

.  . . *■■■■  ■■■■•■■■■■  BBBBB  MBBI  BBBBBBBBBB  ■•■■■■•••■  ■■■•■■■■■■  BBBBB  BBBBB  I B  B  ■■■■■■■  B  BIB  B  BBB  ■  B  ■■■■  ■  B  ■  B  ■  BB  ■  B  ■■  BMBB  ■■■■  IBl  ■■•*■ 

bbbbb ■■■■■■■■■■  ■■■■■'■■■■■■■■■■■■■■■■■■■■  ■■■■■■■■•* ■■■■■■•MB •■•«■■■■■■  ■■■■■••■■■  ama aiaal naaa BHaaap^^^M 
III  ■■■■■■■■■■  ■■■■■  ■■■■■  UBIMBtll  BBBBBBBBBB  IBIII IBMI  HMlIBBaa  MiatllMI  Bllll  ■•••!  ■■■■■•■■■■  BBBBB 
■  ■■■■■■■■■■■•■■■■■■■■■  ■  ■  ■  BB*B  ■  ■  B  ■  ■■■•■■■■■■  ■■■■■•■■■■■«■■■■•■•■  BliBBBBBBBa  I  BBBB  BBBBI  ■■■■■  BBBB  IIMM 


:::::::::: :::::::::: 

I  a ■■■■■■■■•  ■■■■■■■■■■  •■■■!■■■■■  ■■•■•■■■■■  ■■■■■■■■■■  ■■■■■■■■■■  ■■•••iiMiiiiaiMii 
•■■■!■■■■■ ■■■■■■■■■■ •■■■■■■■■■ ■■■■■■■■■■ IBBBB BBBBI ■■■■■■■■■■ ■■■■■■■■■! 


■■  ■■■■■■■■■•  ■■aaiioai laiaiNaBi •••••■■•••  ■■■■■■■■■■  ■■■■■■■■■■  ■■■••■■■■■  bPbi  aa  ibbi  I 
■a  ■■■■•BMBB  ■■■■■naaa  ■■■■•■•■•■  mbbb mbbi  •■■■■■•■■■  bmmbbbbb  •■■■■  ■■■■■  ■■•  n  nial 

■■  ■■•■••■■■■  ■■•■••■■■■  ■•iiaaim •■■■■■■■••  ■•■■■■■■■•  •■■■■•■■••■■■■■■■•■«  aaa'  ••  •■■■  I 


IB  BSMB  ■••»■  BBBBB  BBBBB  ■■■■■■■■■■  ■■•■••••(■  ■■■■■■■■■■  ■■■■■«■ 

ib  •■■■■  Man  iiaaaiaaai  hihmiu  ■■■■••••*•  ■■■■■  bbmb  ■■mbbbS 

BBMMBBBBBBBBBBBBMBBBBBBBaa|BBBBBBB|BI|l|BB1  BMBB  ■■■#■  BM 


01 

O 

S 

a  2 

~  B 

2  « 

Ui  w 

S 


■  ■■■■■■■■■■  w  ■  ■  v  ■  BBS  ■  ■  mmmmm  mmmmm  mmwmm  mmmwm  mmmmm  m  w  mmmmm  mm  mmmmm  aaiiai  mmm 

I BBBBI  •■BBBBIBBBMBBaiaaiB  BBMB IBB^I  IIBIlBBIBt  •■■■■  MBIB  BBBBB  BBBM  MBMBHII  BMM  BMM  MMB  ••■■■  MMB  ■•■■•■■■■■•••■■•■••■■■■■•  BBI  Mi  BBB 
•  ■•*■•■  Baa  ■■■■■•■■■■■■■■■••■■■■  ■■■■■■■■■■  BBBBBBBBBB  ■■■■■■■■■■  ■■■■■■■■■■  ■■■•■  aillUNMfllH  ••IMfa«Bi  ••••■■■■■■■■■■■  •■■■■.■■■■I  ■■■!•  ■•>  Bj»k.B#» 

■■■■■■MMBBaaBMaaaaaaaaaBBaaaaaaaaaaaaaBaaiaaaaaaalaaaiii'  ■•■**  ■■■■«■■■■■  laMiaaaaa  ■#■■■  ■■■■•  ■■•■■■■■■•  •■■■■■■■■■  •■*■•■••••  ■■•  bb^.bm 

Ib  BBBBB  ■•■■■■■•■■  BBBBB  aaMHI  BBBBB  MMBB  ■■■■■■■■■•  •■■■■■■■■■•■  ■■■■■■■•■■!  aa  ■] 

■  BBBBB  BBBBBBBBBB  •■■■■  ■■■■■  •■■■••«■■■  ■■■■■  MBBI  ■■■■■■■■■!  ■■■■■■■■■•  IB  ■■  ill 

■  ■■■■•  ■•■■■  BBBBBBBBBB  BBBBB  bIbbBMBBB  BIMIBB  ■BBBt.BBBBI  ■  MBM 

bdllftS  ■•■■«  •■••I  BBBBB  B4BBBB  •■•■■■••til  BBBBB  Bi 


■•••■■■■•• ■■■■■■■■■■■■■■ 


•  IBB  a  BBBII  •■■•«■■■■■  BBBBBBBBBB  ■■■■■  ■■■■•  •■■■■MBBI  ■■■■■■■■■■•■••■• 


__  aaii | 

MSB  ■■■■■■■■■•  BB  ■«  IBBI)I 


_ _ _ pa*  a.  _ 

■■aa ■■■■■  ■■•■■  ■■■■■■■■■•  ■■«■■■■•■•  aai  •■•■•■ 

- *■■■  BB*  II  I 


_ IB  ■■■■■■■■■■*■■■■■  ■■■•■  •■■■■■■■■■  BBBBBBBBBB  ■■■! _ 

•  ■■■•■■•■I  ■■■■•■■■■■  ■■■  ■•  ■■■■•-■■■■••■•■■  •■■■■■■■••  •■■■■■■•■■  ■■■!•  •■  a BB^Baa •••■■■■  i a ■■■.■!•■■  _ _ 

}■■•■■•■■■■■•■  ■ B  B  BB BBBII IBl ■■■■•■! BBBB ■ BBBBB BBBBI ■■■■••■■■• ■■■■• ■ ■■■■ ■■■■•■■■■! 11811 ■•■•■ BP»BB 
BBBBBBBB  •■■■•■■■■■  •■•■■■■■■■'■••■•■•••■  BBBBB  ■■■■■  BBBBBBBBBB  imaBaBIB  ■■•■■  BBBBB  !■■■•■  BMB  pB  BM 

SB  BBBBB  ■■■■■■■■■■■■■■■■■■■■  BBBB  ■■■■■•  ■■«■■■■■•>  •■■■«.*■•■•  •■•■•■■•■■  ■■■■• 

■  •«■■■  ■■■■•  ■■■■■  ■■■■■■■■■•  •■■■■■■  m  ■■■■■■■■■■  anUiiNi  iiaamaai  ■■•pa 

■  ■■•■«•»■  a  ■■■■•■■■■■  ■■■■■•■■■■  ■■■•••■■■■  •■•■■•■■■■  laMmaBl ■•*■■•■■■••  ■■■■•■■■■■ 

•BBBBBBBB! ••■■■ ■■■■■ •■■•■■■•■■ •••■■••■•■ ■■••■■■■■• ■■■■■•■■■• MBBI ■■■•■ ■•■!■■■■■■ 

•  •BBI  BBBBI  IBB  BB  BBBBB  B  *■«•  BMBB  BBBBB  ■•■  BB  BBBBB  BB  ■■■••••#-•■•  BB  •■■■■■■•■■  ■■■■••■■■■ 

•  BBBB ••■■■ •■■■■■■■■■ BBBBBBBBBB ■■■■■BBBBB ••■■■ BBBBB BBBBB  BBBBI  ••■■■■■■■■  ••■■•■■■■■ 

iiBBiiiiai  ■■■■■■■■■■  ■■■■■■■■■■  ■■■■BBaaf  ■  ■■■■■■■■■■  ■■■■■•■■■■  ■■■■■■•■■■  aaaaa  ■■■■■ -  - - - -  — 

.  •••••IBBBI  •■■■■■■•■•  •■■■■•■■■■  •■■••  ■■■■•  ■■•••■■■■•  •■■■■•■■■•  ■•■■■■■■■■  *•■•■■■■■•  lltllHMI  MMB*»Ma  ■••••■■•■■  ■■■■■•■■■•  IBM  MBBI  IBl  . 
I  I  ■•■*■•■■■  •■■■■■•■■■  BBBBBBBBBB  ■■■■•■■■•■  ■■■■■■■■«•  •■■■■•■•■■  ••■■■•■■■■■  •••!■■■■•  ■■■■■■■■■■■■•  ■■■•■■•■•  MM  »M«»  ••«■■■■■•■■  ■■  ■■■■■■■■■  I 


>1  ■■■•■■■■«■  ■■■■•••■■■  ■■■■■■■■••  <■■■ 

lasaMB assai •■■■■■■■■■  ■■••*■■■•>  •■•■ 

'■•  ■•■■■■■■■■  ■■aailBBBB  ■■■■■  IBBI  .Nai  IBS'  •• 
■■••«f*MI  ■•■■■■■■•«  I ••«■■■«■  I  ■■■■••■■'  I  ■■■■••■  ■• 
iMkitMaB ■■■■■  ■■••a  •■■■■  ■■■■■  ■■■■■■■•  a|  ■■■•>*■■  »■• 


■■■■BIBB  ■••■»  ■■•■■  IBM 

MIUMlWWHM*  -  •«■■•  •••• 

■a aaaaa  bbmb ■«■’  f  bbbbi  •■•■ 


MM!  Par 

- iaaa  . _  _ 

!■■••■•  •■■■••  BBB  ■••■  ■•■•  I'  J 

- *■■■■■••■■■  ■•■• 

■  ■■■■  .a-*— 


a ■■■•' •■■■■ 


I  •■■•■■••■■  ■■■■•■■■■■  •«■■•■■■■•  ■■■■■  BBBBB  BBBBB  •■•!•  •■••■•■■■■  ■•■)«•■••■  ••■■■  ■■■•■  BBBBB  ■■■■■  BBBBB  ■•••■  ■■■■■  ■■■• 

I  . ■•■■■  ■•■■*■■•  •■  ■■■■■■■■■■  ■■■■»■■•■■■•■■••■■••  ■■  &•«•••■■  •■•■■■■■■■  •■■■»•■•■■  ■■*••■•••■, M*MM»r' 

I  •■•■•■■■■■  ■■■■■•■■■■  ■■■■■  •■■^B  ■■■■■■■■■■■■■■■■■■•■  ■■■■••■•■■  ■•••••Mat  ■••■•  ■■••»•■■••  •■■••-•••••■•■••  »BM«|B- 
|  ■■■■■■•■••  ■■■■■■•■■■  •■■■■■■■■•  •■■•■•■■■■  ■■■•■■■••a  ■■■  ■■  mmb  ••*•*••••1  Maaiaasap  •■■■•■■•■•  ■■■■■iaBBa ■■••■>-  ^aal 

I •■■#•■■ BBB BBBBBBBBBB •■•■• BBBBB ••■■«■■•■■ (■■■■■■••* •■■■•■•#■■ •■•■• BBBBB BBBBB BBBBB ■■•■•■■■•• ■•■•■••■•■ BBSS' BBBBB 
I  ••••*•••■■•■■■■•■■■■  •■■■'■■■■■•  ■■■■•■■••■  IB  BBBBB  BBI  •■■■•  BBBBB  BBBBB  BBBBB  taiBI  •■■■•  •■•■•■■■■■  BMBB  •■■■•■•' ^B  BBMB - 

I  •■•■•■■•■■  ■•■■■■■•■a  •■■■•■■■■•  ■■■•■■■•■•■■■■•  ■■M•l•a•|■■■■•■•a■L•••a•■  niMHait •■•■•••■■■  ■■■■••■■•-  MlmHHHaMHau 

I  ••■■■  ■■•■■  •■■■■■■•■■  ■•■■■•■■•■  ■■■■■•••■•  ■•■•••■!■•  •■••■*■■•!  ■■•■■••■■■  ■■•■■•■•■•  •■■■••ami *■•■■•»*■  «■  •■■■man  mmb ■■•«■•■■'  «•■■■■■■■■  <•■• 

I  ■■•■■■••••  BBBM  •■•••  ■•■•••••■••■••••■•••  •■■■■■■■•■  BBBBBBBBBB  BBBBB  ■•••■  ■••••■■■•••■■■«■■•••  •■•■•'  .•••  •*••!■■■■•  ■■■■■■•■•■  BB  ••■•■■■  ■■■•  »■■■ 

I  ■•■•■••■••  bbbMbbbbb  ■■■••■•■■■  •■•••■■*■■  ■■■•■■■■••  •■■■■•■■••  ■■■■■■•■■■  ■•••■••■■■  •■••■■■•■•  ■■«>  <•■■•■  •■■■••«■■•  ■■■■■  ■■••  I  r  ^■■■•■■■•Mat  a'aaa  «a 
I  ••■•■■■■•a fiarj>«ai» »■■■■■■•■■■■■■•■■■••*■■■••■••« ■■<»•••■■•  *#<M ■•>#•  HaiM»aaa ttawam**'  .wiawi iiii»h»m wliiiiia*  •■■•■■■■■•■•#  ■■■•  ■■ 
I ••■•■•■■•• ■■•■■■■■■• ■■•■■■■•■•■■■■•■•■■■■■■■•■«■■••■■•••■*•••••■•*•■•■■■■*••■■•••••••••*-  . #aa«a •■»•• ■■•••■»•■• ••■•■ ■••  .■•■■■••■■•■ •■■ <■■•• ■• 

I  •■•••■■••••■■■■■■■■■  ■■■«■•••■■  ••••••■•■•■•■•*••■•••■•••■■■■••••■  ■*•■!*•  ■■••■■■■■•  •■•■•••  .MilHIHMHHNIMlal  ••••■••  BSi  ■•■■•••  ■■■.■■■  •■■•>  •• 

I  •••••  BBBBB  IBBBB  ••••••■■•••••••••••**•••••■*•■•••••••■•••••••••#••••••••  ••••••MB*  SB-  m  BBBBB  ■••■■  •■•■■  BBBBB  BpBaB  ■■■■•  ••■••■■■■■■■■•••I  ■■••  pi 

I  •••■■■•••■  ••■■••■■••  •■••*■■«••  ■■■■■•■•■•••■■■■■■■•  •••••»••■■  •••%•••••■*••••••*»•»•  ••■■WaBMt  ••■••••■■•  *■■■■••■••  MB'  >  •••••  BBBBB  ■•■•••!  jBB  IB  «■• 

I  ••••«•■•■■  •■•■•■•■■■  ■■■  ■«••■■■  ■■••••■■••‘■■■•■■■••I  •••■■•■•■■  ••••■•■■■•  him'  — <••  aaaaa  aaaaa  •■  a  •«  bbbbb  ••■•••■■•■  •■  .«•■■•■•■■■■••■■•■■•  aaaaa  ••• 
I  •*■•»■■■•■•■■■■■■■■•■•■■■•■■••-■■•■••■■■•■■••*••■••  ■■■■■■■••• ■■•■■■■■••••'.  .<■•••*  •••aaiaaa«taauiiBM aamnwa*  *  taaaaaaaa  ■■•••■■•■■»'  ■■■••  ■■■ 
■ -  - ■■§«••■•■■■•••■■••••■■■■■■•»•,■••*•*•■*■•••'  .  a«iHM»i bmmmmb ■■••>•■»■•  aaa»a»aif  •■•■■■■mi - - - -  — 


I  «••••■•■■■  »•■■■•*••■  ■■■•■•■•■■  ••■■■■■■••  ■•••■■■■••■■•*  --•■■  ■••••••■••  •■•■••■■■•  •••■•■•■■■. •■•MI«BM  ■MM’  ■■••■  ■■■••■■#•■■■■■•••■■'  •■■•■■  •■•■  | 

I  «•■••■■■••  ••■■■•■■■•  a.a ■■■■•••■  ■■■  bi  ■■■■■  ■•■■■■■■•*  «•■■•■■■■  ■■■■*••••■  ■■••••■■■■  ••••••■■■••«■■•••••«■•'  sBM«aa  ■••«•■■■•■  •••■•■■■•  <••••••  «■•■  I 

I  •  ■••■•■■•» ■■■••■■•■■  •■■•■  •■•■•*■■■%* ■•■•••■■■■•'  .-•  ■•■■••naa  ■•■•••■■•■  ■■■•■•■■•••■••••■■■•  ■■■•■•■•■•  (mmmmi  MiMii*  ,■•*«•■■  .■&■•  :< 

!••■••■  ■■•••  •••■•■■liBB  •■■■■•■•■•  ■••■••■■■•  •■*■  .  •«•■■  •••)••  •■■•■  uaaa ••■•*■■•••  ••■■•  •■■■•■■•••  ••■•■pa,av  tiiamaM  *•■■••••■••■■■•■(,  ••■•■••  ••■■•-p 

I  *■•••■••••  •■■■■•■■••  BBB.  -  BBBBB  •••••■«•■'  «•■■■■■••  ■•■■■•••■•  ■••■•  BMBB  •■•■•■••■•  ■••  M  ■•■•«  •BBBBB'  ,••  MIBHaial  •■■■•  ■•■■(  •«•■■•  BBB  (•<■•  ’«■■••  > 

I  «••••■■••■  ■■■■■•■■■•  ibi  •&••■  ■■■■■•*  .i  •■■■■■■■»■  ••■■■■■■la •■••■••■■*  ■••■■■■•■■  ••*■••■••■  •■■•'  .<i(iiiiamiifHiMHMiuki*  •■■■  mbbi  tiiai  fe 

I  •■•■■■■••■■■■•••■■•■  ■■»•  iapiai  •■•■'  •■■■■#•■■  ■•!•■■•■••  ••••■■•■■■  ■■•••■•••■••■■■  ■■••«•■■■■  ••'  .«■■■■■•■■•■••■■■  •■•m •■■*•••••  ■■■■■  iaaii  ailik  □ 

(«■••*■•■••  ■■■•■■■■•■•■>  .>  naaa  aa-  .*  *■■•■  ••••■•■•••  •■■•i(|M|  aa  anaaaaiaaaaa  ■■■■••■••«  ••■•■  -  <■•■■■■■■  ■■•■■■■■■■  ■■■•■  ■■■■!  ^iiaaBi  >■■■  ■■■•■'■ 

I  •■•••••••■  ■••••«■■■■■  i a bb,b m a •  •  •  «■••■■■  r ■,•■■■  ■••■•MaBaM^BMaaBMaai  •■aaiintuaiia ••»  -  MMMiaai  *•■■•••■••  •••■••••••  »  «••■•■•■  ■■«■  •  ■••■■  ■ 

I  •■■•■■■•■■  ■•■■■•■■■■  ■■•aiaril'  <■••■  •■•■•••■••  aaaaa  ■•■•’■^^^■Lvsaa  aaaaa  ■■■■»•••■•  •■■■•  *  .<•■■  naa  a  aaaaa  !■•■•■■•■■  •■•■••■■•  aaaaa  aaaaa  nai  ••••■•  f 

I  ••■•■•••■■  ■■■••■■■■•  ••■aaaaa^  <'■••••  ••■••  ■■■■■■■•■■  laaaiHpmaaaiaai  ■■■■•«•■■■••'  «•■•■■  •■■■•■■■■•  ■•••■■•■•■  •••••••  «■■■■■■■■■•■■■•>  ■■•■■•  I 

I  •■•■■■■•■•••■•■•■•■■  ■■*■•■■'*?  ■■•••*••■■•■■■•■■■■■  •••^^■Vla  •■■••■•■■■  ■■■■••■••*  «aaa  ■■■■■■■■••■■■■•  ■•■■■.•■■■* naa*  «•■■■■■■■■■■■■ - - 

I  •■■■■••■•■  •■■■■•■■■■  ■■•Mai  ,aiMAiaaakMMiMia«iiaM9PaHuaa«iMiiiaiai''  .-■■•••■••■••■■•■••••••■■••■■■••■■■'  -  - 

I  •••••••••••■■■••■••■  ••#  'Ifv  IBl  BBBBB  BBBBI  ••■•••■••I  ••■•■•••••  BBBBI  •••■•  .#•••••* - * - 

I  ■>#••*  ■•••••■■•••••■«  bbL  ■■■■•■■■■•  ■«■■■■•■■■  •■■■••■•■•  •■••*.’  ,.«■•■*»••■(( 

]•••■■■■■••  ■■■•■  •••■■  •ar>x  •  *■■■  ■•••■■■■■■  ■••■■■■•■■  •■■■■■••••*  'jm»  ■  a apa  iaaai*aaia  ■•■■••■•■•  •■■■■••■•■  ■•■■■• 

-  -  — a ••••••■■■%••■•■•••■• mi#**  .«• •■■•■•■■•I ■•••■■■■•■ ■•■■■■■■■■ ■■■■!■■••••■••'« 

■  ■aaaaaaaamtfaaiaaBB'  _.«■■••■■  •■■•■■■■•■  •••■■■•■•■•■•••■■■■■■■■•■■■■•■  a*  *•• 


.  «■■■••■ 

•  l*MIMa*BIM**BMal  (■•■••■••«  »  ••■«■■•*  ■, _ 

■  ■•■■•■■•■•  ■■■■•••■■■  ■■•■•mb'  pMaaaaaaa  •■■•■••■•■  ■• 

- timi •■■■■■•■•■  ■■•■■•*  ,«■  iiiaMiia* MBaaaaanp- 


mm  mmm^mmmmmw  mmm-  m mmmmm  m 

•  ■■•■■•■•aaai  mb  <•••■••  I 

■  aa  ■■■•■■■■■#  lit  naiiai  I 

•  •*  •••MaBBBBM*  •■■•«■••  I 


■  ■••■  •■■■•,  '••■■ 
aatra  •■■■■  ■Mail' 


*••> 


•  •■•■■  ■•■•■■■■■■■■  ■•■■■•■'■■^iia 

•  B ■■••■••■ ■■■■■■■•■■ •■■■■■••« *  - 
(•••■••■•• ■••■•■■•■• •■■•■•■■■■ 
•••■••■•••BBBBBBBBBB •■■••••••• Bk 

•  ••■••••BB •■■■••*•■■ ■••••••••  ■  m 

•  •■■■■■•■•■■■■■■■■■•••■.■••■’ 

•  ••••■•■•*•■•■••■■  tf$  ■•■"■!  •■•  M^ll 

!•••■.■•■••  ••■•■••■•’•  ••*•'•'»_  •••  ■“ - 

•  ••••■••■••■••••*■•.•■■■••  ••■  ** 

•■•••■■••a •••■■•■•■■ •■•■tat «■■ ii 

•  •••■■■•■a  •■■■■■••ii.iaMiaBk  '■»' - - - 

•  ••■a  •■■■•-•  At  ■•  •■■■•■■■■■,•■■•  «aaaaaaaai\iB«* 

■  *■••■■■*•••■•■•■■■•  ••••■•■•■■  •  Mitx*  \B*ai 


k  ’■•■••■••( 
afca.  ••■aaai 


-  - •  •.••■■ 
•  *■•••■•< 
■  B««hBII 

IB* 

-h: 
:k. 


BB  BBBBB  VV 
)■■  ■■■•■•• 

_r - - - - - '■•  •■■•■•* 

afiaa  •■■••  iaaaiaaan  »■•■••■•■«  «■■■*•' 
■■■a  a  if  a  •.■■•*■  aaaaa  Maaaaaaal  ••*• 

■■■■Miia>iiaMMa«BMaiB«Bv'  «••*•■ 


iaaii ••••-  •••■aiai ■■■•••■••• SaXaaaaaaiiBiaiia*' 

.••■■■  ■■•■■■■■■■■< - - - - 


••*<■•■••* 

mm  *••••■■■  _ _ 

.••■•  -  taaas  ■•■•■  a.Sfaa  uaaaiaaM  •■•< 
iaaii  »?aa  nililaiii  Maat laaiM*  . 
inaaiiM.  -.«■■■■■■•■•  aaiaaa •■«' ■  .  «an 
kaia  ^  -  -  - 


-•a  taiinani ■•••■  niii iaaai  ■■■■•  ■•■'  •  aaaa 
>aapa ■■■■■•■*•••■•■•••••■••■■••■■••*■» *■■•••  . 

.  >••••  •••••••••»  •••••••••■  laiMaani  le*  •■,■■••«  • 

^•■PMaaaam* ■■■••■■■•■  ■■■••••■•■■•■•••■■••  «■■■•■•  ^  | 

■aaai naaiaaiaa •■■•iiaMa  saMaaMM ••■•••••- .  mmiii  ••  f 

.  •■■■■■naa  ■••■••••••  ■•■•■  aiMi  ■■•■•■•■•••■•■••*  ^siaaaaaaa  i«i  I 

.•■■■  •■■■•■■•■■  •■■■■■■■■■■■••■■■■■■  a - 1 - - - ■ 


I  ••••••••*•  •*•,■••••■•,•• 

!••••••««•••••■■•••■•••■••••'  - BI 

I  MBIIlUaf  ••■■■■■•■•  •»••■••  •■■■' 

I ••■••••■■■■■■■•••■■• ■■• y  a  •■■■■I 

I ••■••■••■« laaaBaaaii ••■••■•-  *• a a 

-  *  - - -  m  •«•■■  mdmm  »- 

■ ••■■■•■■•■• 

■  ■••••••■■•■■' 

-  . . -•••' 


•*•■•■  ••••*.•••■*••#•■ 

I  iipltiaaii.iaaiiaiiaa 
I  ibmumii  ■■■■••■  ■■• 

I ■■• ■■••■■• •••■■•■■■■ ■■■•■•■■••* 

I  a ■••■••■■■  aUai  ■■■•■•••■;■'  - • 

I •••••*•*•■■••■•••••• •••  ■■■•- 

I  ••••••■•■■ liaaiiiaii ivaat ■'  .*• 

lt(tMjiti<iiatBiaaimaMii|  *• 

I  iIm* 

•■•MiMMMami*r«iaai«ai 
-  - •.)  •■■■ 


r<, 

_ SSaai* .  . _ 

■••••’■«■*••■#*.. 
■•■•■•#•■•■■■#' 
•■•■■■•■• iaaai 

B.  **■»■■• 

SKhK’* 


•■■ ■■■■■■•v 


•••■•«■■• ■■•*•■•&•• 


■BBB • - 


._*iaau 

■■■■■■•an  ■•■•■• 


■  «■••■•  ■•■•/■■•■•  ■■•••■•* 


•■■■■■ ■■•■■• 


■  ■■■■■■■■ - - - - - , 

_ .■■*■■■•■■ •■•■■■■■■•••■•' ■■■»• aaaisa 
IfIMIIBlI*  •••■■•»•••  ••■•■•••••  •■•■•■> 


iaiaaaii*^. 


IBS'*  •••■••■■•••■ 


■ aaaaa •••• ■•■■•• •••■•••■%• ••«#•■.. . 


Injury  (%) 


129 


•  ■■  •  •■■■.•■••■  •  ••■■  aaaaa  UIIIUMI  ■  •••■  •■■Mi 

■  ■■■■■■■•a  imiiuii  itiMniai  iMMHiti  iiim 

•  •■■■•■■■a  aauiNiH  itanMaai  laaBiiMaMaMHB 


m  *■••! 

iiiiiiiaii  imiiBBI 
iiiuiHai  aiHiaim 

■  ■minis  aiiamiHaniin 

•a ■•■•■■••  ■■■■•■■••■  •■•■■■■■•«  mbm  aaataa  aaiBM 
aaiiaaiiiiiiiiiauiB  ama  aaaaa  imm  imi  aaad 
aaaaaBiaaa  iafl>iinia  ■aaaaau^a  aim ■■■■■ iMVIIIIH 
lamaini  iiiafaabH  ••■■■Mali  luauban  lam hmi  M 

■  ■■■a  aaaaa  ifiMibna  naaa mbh aaaaaaaai niaimnaBH 
laaaafaiiBiiiiaiaaaa  aaiwmbl  aaaaa  aaaaa  aaaaa  aaaaa  Maw 
mui|iiiiMi*iiiiMiiiaifaniiH«BaaaiBMMaNnu*Mi 

■  aaaaiiaaa  aaaaaiaaaa  ■■■••■■mb  aaaaa mmmmmaMmmmi 


■aaiiaiaia  aaaaaaaaaiaaaaamaa  aaaaa 
aaaaa  aaaaa iaaiiiaaai>«aaiiaaai aaaaa 

■  ana aaaaa  mbbi aaaaa  ■■•aaaaaaiaa||a 
a aaa aaaaa  aaaaa aaaaa aaaaa aaaaa 

■  a aaa aaaaa  aaaaa  aaaaa  ■  ■■■maai 
laaiBMMMMMHMMMHMM 


aaaaa aaaaa aaaaa 
uaaiaaiaiiiiadii  _ 
aaaaa aaaaaiaaaa aaaaa 


aaaaa aaaaa aaaaa  aaaaa aaaaa  aaaaaiaaaa  aaafea aaaaa aaaaa aaaaa aaj 
aaaaa  aaaaa  aaaaa  aaaaaiaaaa  aaaaaiaaaa  aaaaa  iaa aaaaa aaaaaiiaaj 
■•■■a  ■■■■■■■■■■  BBBBaiBBBa  Mai(iaiMMaBfaaBBlMSBiBaBaiBBM> 
^■MMiam  aaaaaaaaaa  aaaaa  aaaaa  ibbbi  iBHlBiBBtisBBt  aaaaai 
aaaaa  aaaaa  aaaaa  aaaaaiaaaa  aaaaa  bbbm  aaaaa  aaaaa  aaaaa  m 
aaaaa aaaaa ■  ■■%■ aaaaa aaaaa aaaaa aaaaa  aaaaa aaaaa aaaaa a< 


■  ■■■■ama ■■■■■aaaaa laaaaiaaaa  aaaaa iaaaa aaaaa  aaaaa aaaaa 
aaaaaaaaaa  ibbbb  aura  a  aaaaa  aana  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa 

tHaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  mb  aa  aaaaa 
■a  ■■■■■•■■  a  ■aaiiaMiiiiaiiam  aaaaa  %■■■•  aaaaa  aaaaa  aaaaa 
■mhmmmmmmhmiiui  iiihibbm  MMI  iaMMn 


■■■*■ ■■■■■■■■■a BaaaBiaaii 

- 5 


M>Bt  b  a  a  a  ■  aiaaa  I|WI 
aaaaa aaaaa  SEaai aaa a> 

MK  »aaaa  aBaataaai 
la  aaaaa  mmmu 


ifBumai  •  ■■■■■■■■■.■•■■■  mn  aaaaa  ibbbb  iaaaa  aaaaa  ■■■biibbbb 

BMiBaiaai  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  bbbbb'ismmm  aaaaa 
••BBiBiaai  iiaaiBrau  BBiaiaiBiB  •■■■(■■■«•  Baaaaaa—  —mbuwhbwmibihbbii 
•  ■■■■■■■■I  ama  imi  ■■■■■■■•■•-■■■■■  mbbi  aaaaa  aaaaa  a— aaaaai  »■••■  aaaaa  aaaaai 
•■■•■■■■■B  Baaaiiaaaiiaaaiaaaaiiaaanaaai  aaaaa  aaaai  aaaaa  b mm  aaaaa  aaaaa  iaaaa 


•  ■•■■•■■■B  aaaai aaaaa laaaiu 


ItiaaBaalBB  ■■■■■■■■■■  ■  aaa  iHMMMM 
aaaai  aaaaa  biubmiib  ■■■■■■■aaa  ibmiium 
ii  a  him  in  aaaaa  aaaii  •■■■■  aaaai  iaaaa  mmm 
•  a  ■  ■'■■b  iaaaa  aaaaa  aaaaa  aaaaa  aaaaa  Md 


iaaaa  aaaai aaaaa  aaaai aaaaa iaaaa aaaaa  aaaaa aaaai 
raaaa  aaaaa  aaaaa'aaaaa  aaaaa  aaaaaiaaaa  awi#  aaaaa 
iaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  ibbm  aaaaa 


» aaaaa 

ft  IBBBB 

■■■■■■■  iaaaa 
■aaa  aaaaa  aaaai  a  bbbm 


aaa a aaaai aaaaa ■■■■■■#■■■ Sa aaa aaaaa iaaaa  SaSai aaaaa  aaCai iaaaa aaaaa aaai 
Ilia  aaaaa  aaaii iaaaa aaaaa  aaaaa  aaaaa aaaai aaaaa laaaiaaaaa aaaai aaaaa aaai 
BMMMaaaaaaa  aaaaaaaaaa  laaaaiaaai  iaaaa  aaaai  laaaiaaaaa  aaaai  aaaai  — 
imm  aaaaa  aaaai  Baaaa  aaaaa  aaaaaaaaaa  aaaaa  ■««■■  aaaaa  aaaaa 


iiibicH 

■  •laauiBH _ , 

aaaaa  aana  aaaaa 

!*•<••••••■•  . . . 

{■aaiamaa  aaaaaaaaaa  ■■■■■■■■*•  aaaaa  aaa  a  ■ 

Iaaaa  aaaaa  Sana  aaaaa  aaaaaiaaaa  iiaai  iaaaa  naMiaaai  •■■■■•■■■• 
is  aaaaiiaaa  aaiiaiana  aaaai  iaaaa  aaiaailaai  ■■■■■  aaaai  aaaaaaaaaa 
Uaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  MaaiBtaat 
aiaaa  naaa  Biaaa^^^^^^^H 


■a  aaaaa  aaaaa  aaaaa  ai 
rai  aaaai  iaaaa  laaal  ■< 


■  ■■»  ■■■»#*•••  *aai a  aaaaa  a ■  mmaaii  aaaaa  aaaaa  aaaaa  a«J 

■  ■■tiiiuaHii  anaa  aaaaa  ■■■latiaii  anaa  aaaaa  aaaaa  aaaaa  sai 
ina  aaaas  aaaai  iiinaiBfli  aaaai  iaaaa  •■■■■  aaaaa  aaaai  aaaaa  ill 
aaai aaaaa  aaaaa  aiaaa  aaaaa  aaaaaaaaaa  BBiiabiaia aaaaa aaaaa  aaa 

aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  naaaiaaBi  aaaaaaaaaa 

■  a  aiBiaaiaia  Baaaa  «aa«a  miirtMH •■•■■■■■■•  maaiaiaa  bbbm Baaaa  aaaai bbbbb  aaaaa i 
■a  bbibi  aaaia  naaa  aaaaa  aaaaa  aaaaa  BMaa  iiaaa  aaaai  IMM  iaaaa  aaaaa  aaaaa  IMM  a  a  MB 
BB  Biaaa  ■■■■■  lananiH  Baaaa  anaa  ibbbb  iaaaa  utia  bbbbb  IBBM  HMI  M—l  bbbbb  — 

■  •  Baaaa  mas  Baaaa  aaaaa  ■■■■■  aaaai  laainaiai  laaaiiaaai  laaMiiaii  ibbbi  aana  I 

MMMMMMMMMMMMMMMMMMMMBMMMa  BBBBBBBBBB  HIM IBBBl  IMIIMIM^H 


■  •aaa  ■■■  bb  mmiaia  iaaaa  aim  •■■■■■■■•■■■■*■  aaaai  aaaai 

•  a  a  a  a  a  aa  a  a  aiaaa  aaaai  aaaaa  iaaaa  aaaaaaaaaa  iaaaa  aaaaa  aaaaiaaaai  aaaai  aaaai  IM 

■  ■■■■•■■BB  ■■■■•■■■■■  lanilMM  ••••  ■■■■■•  ■■■■•■■■■«  MMBIBBM  KMlaMH  MaM. 

•  ■■■■•aaai  •■■■■•■■■■  ■•■■••■aai  iaaBMhMMMaaMi||i||i||^^n^^^^^H 

1 1  ■  ■  ■  B  ■  ■  ■ 

•  ■  • a a  b  a  a 

IivvimibiiHMHH 
*■•■■■■■■■  >«■■■ 

■■■■a  aaaaa  ■  ■mkkkkHH - - — - - 

■  IBM  BBBBB  •■•■■IBBBB  ■■■■■■■■■■  BIBIB  •■■■■  ill 

■  ■■■■  ■■■■•■■■■■  ■■■■!■■■■■  ■■■■■  ■■■■■  mil  111 

■  ■■■■■■■■a  ■  ■•■■  ■■■■)(  ■■■■■  naaa  ■■■■■  laaai 

■MMMMMMBMBMI  ■■■•■■«■•■  BBBBtB  IMBI  BBBBB  BBBBB  BBBBB  MBBI  IMBI  IBBBB  M 
r«B  BMIIMBII  BBBBBBBBBB 
■  ■  ■■■■■■■■■■  IBIM  BBBBB  ■■■•■ 

■  bb  ■■■■■■■■■■  ■■■■■■■■■■  mbmimh Miiliaiia  •niiMW 

KBS  ■■«■■  ■■■■■  ■■■■■■■■■■  BBBM  BBBBB  ■■■■■■•MB  IBMIMM 
bHHMMIII  •■■■••••BB  BBBBI  ■•■■•  •■■■•••■■■  lalmil 


•  ■■■■■■■■•  ■■■■■■: 
■  ■■■■■■■■■  ■■•■■■< 
•  ■■■■■■■■■  ■  ■■■■■< 

•  ■■IB  BBBBB  laai - 

- ■•■■■■  -  - 


•  ■•■■■■■BB  BBBI 

•  !■■■■■■■■  B'aaj 

•  •■•BIIIBB  Bail. 

•  ■•■■  BBBBB  ■■■■■' 

•■■■■■■■•a ■••■■ 

•  ■■•■■■BIB  •■••  B  BBBBl. 
•■■•■■■■BB ■■■■■*•■■■ BBI 


■  MBBIBBIBI  ■■■■■ 


ssuas  »■■■■  BBB  85S5SffTSt  mSbi  >  Smi 

IBBBBBBBBB  BBfW  BBBM  MBMIMM  BBBBB  BBBI 

■)■■!  IlMl  BBiat 

■miiimiimi  (■■■! 
rrallB  BBBBB  ■■■•■  (■■» 
■■HaHMaHBMai  i a« ■ 

IMBI  BBBBHMI  IBBBl  IBBI 
BBBBB  IBBBB  BIBBB  BBBM  ■■■■ 

■mbi  ibmi imm  Biaat  ■■■■ 
MMI  MBBBIIBM  (Mil  ■■■■  i 
MMIIBMIIIMIBMI  ■■■*  I 
MBBI  IBBIIIBBM  ■■•■■  ■■■■  * 
m§l  BBBI  mi  » 

■■•■■■I 


H  BBlSa  bmbS 

IBBBB  MBM  MIBB  BBBM  BIBBB  IBM  ■  ■■■  IB 
- 'MBBI  ■■■■■  BBBM  ■■■■•  Ml — ' 


«  IBBBl  B 


>■  bbbbbbbbBB  ■• 


MIBB  MMI  llr*«  ■BBBI 

Wmmm  Ibbb8  mbm  bbbbb  a— i 

MM  >— B  B— |  ■■■■»  BBBM  BBI 
MBIB  BBBBB  IMM  MM  B m 
Ibbm  bbbm  a  MB  a  MHI  aai 


■BB BBBBB ■■ ■ • ■ IBBI ■ •■  ■■■■( It 

MflamaiBBiiiaiBiaB  tanai  as 

■  •BMItaiBBBBIMBI  «■■■■>  biW 
IbBBMB  Mb  MB  BBBI  BB  IBBBB  iBB  1*1 
fi  IBBB«  BB*BB  BBBBB  ■!  •■■  ■«  .mM 

■  mbbi  •■■•••■■••  r  ■■•■■  IBB 

anai  ■■■•■■«■•*  ■  ^■■an  ibb 

■  Mai  MBBHIBM  IMBBMMMmJ 

■  ■■■•  •■■■•IBBBB  t\ 

I IBBBB  BBBBB  BIBBB  ■ 
i  MBBIHBBimiB  iBMBB-  BBB I 
IMMI  BtlNlBIBI  «•■■■•  >■■• 
WJIIBI  ■■  BIB  BBBII  Mill  IBBI I 
la  aaaaa  iiifel •■■■  !■■■••  mt 
-Mb  •■■•■  ■■•■■  mb!  i  •■■■■  •  aaaai 
MBM  IBBBl  IBBBB  IBBI  I  BBBII  I  IBBI 
MMMMBB  ■■■■■■■■  .■•■■■■•  ■■■■  I 


«■■■«  mSbI'mmSmBIB 

^^■m  BBBBB  |BB*a  MBM 


HMimBiiiaNiii  ,b  iiibi  i  ■■■• 
MIMHibi  iiBaiair  Jiwaa(<  •■•• 

^^■■MBMNMamNII<  IIIBBIB  >•■■• 
BBBBB B<— I  ■BBBIBBBBI-MBBaaa  IBB  IBBBB  «■•£ 
MBM  MWl  BBBBB  MMI  HBBIV  IBB  BBBBB  !■■■ 


IMMI 

I  BBBI 


MBBI  I'  BBI  MBBI  IBBBB 
BBBM!  /BBB  ■•■■>  IBBil 

to  ISBB9  .tiaiMHIiBBIt 

■HMMMHMMMMMMMMMMMMMMHMIllHMIMIIHMIMMIIMMNn'  •■  a ■  ■■  ■  ■  ■■■•• 

AbBBBS  ■BBBI  BBBM  MMI  IBBBl  IIMIlMII  BBBII  IBBBl  BBB BHBBBB  I— M  BBB ■■  BBBBB  fcBBBB  BBBBBBBBBB  IBBpi’BBBBI  IBM  4  BBBBB  I  BBS  BBB4»B 
■■ill  ■■■•■  IBBM  BBBM  BBBBB  BBBBB  MBBI  BBI  1 1  BBBBB  BBBM  MBM  BBBBB  BBBM  IBBBl  BBBBB  BBBBB  BB  BBB  BBBBB  BBBM  IBB  '■  MBBI  BBBI  iMBBI 
I  BBBI  IBBBl  BBBBB  IBBBB  IBBBl  BBBaiBBBBB  BBBIB  BBBBB  MBIIMBBI  BBBM  MBBI  BBBBB  IBBBB  BBBBBBBBBB  BBBBB  BBBBB  IB'  .BB  BBBBB  IBM  IBBBB  I 
■MM  ■■•■■■■■■■  IBBM  BBBM  IBBBB  ■•••■  BBBBBBBBBB  BBBM  MBBI  BBBII BBBM  MBM  BBBM  BBB*B BBBM  BBBBBBBBBB  B'  IBBBB, BBB  MBI  t  BBBBB 
^■■1  ■■■■•  IBBM  IBBBl  BBBM  IBM*  IBBBl  BMIM  BBBM  MBBI  IBBBB  IBBBB  BBBBB  IBBBB  BBBMMBM  IBBM  MBBI  MBBI  f  4BBI  ■■■■•  ■■■<  ■  ■■■■•I 

{■■  ■■■■■••■as  ■■•••■•••I  ■BBaaiBBM  MBM  >bi«i  »■■■■  BBBM  ibbbi  ■mmmmmmmmmmmmmmbmmmmbmmmbmmbm— d: 
■•  iietis*(ig  imiHfn  »■■■■■■••«  ■•■■■■■■•■  mbm  mbm  mbm 
■  •  ■■■■!  ■•■«■  •IMtlllllllmHfll  BBBBI  IBBM  BBBM  BBBM  BBBM 


■  ■•■■  ■■■■■  ■■■■•■■Baa  ■■■■■■■■■■  ■■■■■•■aaa  bimi  ■■•■•■■■■■  mbbi  iiBM  bbbbb  BBBBBBBBBB  BBBBB  mm 

•  ■■■■■■■aa  ■■■■•■■■■■  •■■■■■■■  II  mil  |  BBB  I  MIBB  IBIM  IBBBl  ■■■!■  »•■■!  mil  IBBBl  BBBM  BBBBI  BBI 

■  •■■•■■■■■  ■■•■•  IMM  ■■■■■■■BBB  ■■■•••■■■■  ■■■■■■■•■■  •■■•■■■■■■  ■■•■•■■■■■  BMMBBBM  BB  — I  BBl 

•  •■■■■■■■a  ■■■■■■■■■■  ■■■■•■■■  ■■  ■■aiiiaaM  ■■bmmbii  mbbiibbbi  ■■■■■ibibimbm Biaaa  bbbhbb 
MBMMHBimaaaa  •■■■■■■■■■■•■■■■■■■•  HiHuaai  MBBaiBln  ■■■■■■•■■■  raBBaBBaBBaaBaBBai 


MBM  BBBBI  4BBBS BBBBI  BBB  <■■■■■ 

- ■■■■•  •■■■•■BBB| III 4IBBBI 

- - aa|  ||t 


■ IBBBl BBB* ■ ■•■■••■■ 


IBBBl  BBBBI  MBM  MBBI  ■■■■■■■Ml  IBBMBB'  II  •■■■■■■■■■  IB  ■■■■ 

■  —  I  •»■!•  •■■■■  MBH  •■■•■■•••■  ■••••  m*  4B«  ••»••  ■■«■•  ■•  *«■■■ 


IBS  BBBBB  MSS 
•aa  MBBa  iaia 


•  ■■■■■■■■■■■■■■■■■■a  ■■■■■■■■■■■■■■■■■■■•  mbbi  aaaaa  MMtiiin  ■■■■■■•■■■  mbbibmm  ibbh  ibbm  iBBMjaaBBB 
i.Mauma  *■■■■■■■■■  ■■■■■■■■■■  iiiuHaiiaHNiiiai  ■■■■■■■■■■  ■■■■■  BaawjBiiwaBi  bbbbb  mbbi  mbbi  mbm 

•  a  ■■■•■■■••■■•  ■  ■■■■■  •■■■•■•■■•  •■■■••■■■■  ■■■■■■■■■■■■■■••■•••  !•■■■  IBaaiMBBI  IBBBB  ■•■•■••■■■  BBSM  MBM 

■  ■■■■aiaaa  ■■■■■■janmmaniimtiaaaiiamHaMiaHmMiMHiMaMiawaaawMaaaMwaaiaaaaiaaaa 


•  •■■■■■■■a  ■aaaaiiau  ■■■■•  ■■■■■  ■■■■•  ■ibm ibbbb bbbbi  ■•»■•■■■•■  ■bih.bbbb* mbm bi 

!■■■■■■■■■■  ■■■■■■■■■■  ■■•■•  ■■■■■  ■•■■■  ■IBM  MBBI  BBBBI  •■■■■•■••{  MMI  BBBBI  tHMIl 
BBBBBBBBBBBBBBBBBBBBBBBBilBBBIIBBBI.IBaM  MBBIIBBBI  ■•■■■  IMMMMMMMMMMM 


bbbBb a 

•BBBBI 


■  ■■■■!■—■  a  jbbi  a 


fammTa  ubSm  *luiui  a 

iminiiiimMmiwindiMimiMwtMntfMiHliiimMitMWHmMiMnaaHifaaataaiaiaMn 

■  ••••  •■•■•■  •■•••■■■  a  ■■■■••■■•■  •■■■•■■•■■  ■•■••  ■••■•  ■■■■■■■■••  iaBaa  •aaa#  mbbi  ibbm  ibbbi  •■■•■  mbm  bbbbi  a 

•  •••■  ■■•■■  ■■■■■  ■■■■•■■■■■  ■■■■■MBBa  Ibbbi  bbbbi  mbbw  bbbbb  bbbbi  bbbbs 

•  ■■■■■■■■a  •■■■■■■■■■  iiaiiiiiii  amiiiaaa  ■■■■■■■■■  a  aiMiiliiiHHamil m 

•  •■■■■■■■■■■■■a  ■■■■a  ■■•■•■■■■»  ■■■■■■■■■a  miBiiaaa  •■■■•■■•••  immismi  ■] 

•  ■■•■■■■■■■■■■a  ■■■■■  •■«■■■■■■•  ••■■■■■■■■  ■■■■■■■■■■  ■■«■■■■■■■  MBMMSBI 

■  ■■■•■■■■•  •■■■■■■■■■  ■«■■■•■•■•  •■■■•■■■«■  ■■■■■•■■«■  •■■■■■■■■■  MIMfMN  •!*■■■■■■•■ 

•  •■••■■•■■  a  ■■  ■■■■Baa  ■■■■•■■■••  ■■■■■■■■■■■■■■«■■■■■  ■■■■••■•■■  ■mbi  Imm  mbbi  bbbbi  i 

■  •■■•■■■■■  •■IIIIlKta  ■■■■■■■■■•  •■■■■■■■■•  •■■■■  •■■■■  ■■■■•■■■■■  a  BBBI  aMBI  a  BBBI  BBBM  H 

•  ■*•■■■■■■  aaia*  iaaaa  aaaai  iaaaa  lamiaiai  aiaaiiiaii  •■■■■■■■■■  ■•■•■■■■■■  hh«  a  aaa  a  fl 

•  lanMiiaiBiiiiaaM  ■■■■■  ■■■■•  ■■■■■■■■■■  aiaHMaii  ■■•■■■Biaa  mbm  mbm  •••••■■•aa  H 

•  •■■•■■•■••■■■a  ■•■■■  •■■■•■•■•■  ■■••••■■«•  ■■■•■  •  m  •  •■■■•  ■■•••  ■■••■  ■•«••  •■••■^^^H 

■  ■■■•■■■■■  a  ■■■  ■■■■■■  ■■■■*  ■■■■»■■•■•■■■■■  taiM  anaa  •■■•■■■•■•  ■mmbbbM  mbbi 

•  •■•■■■■■a  ■■■■in  ■■■  •■■■naiaiiiMiiaiiM  a  ■mi  aaa  a  ■■■■•■•••  a  ■•■•«••■■•  mbm 
»•■••■■■■■  ■  ma  ina  a  ■■■■■■■■■«  bmbiibbm  ■•■■•  ama  •■•••  ima  >■■■■  mbm  naia 

•  •■■•■■■••  •■■••  •■•■•■■■■■  IBBBI  •■■••■■■••  ••■■•••■■  ••■■••  ■•«•■  •■■!■■■■••  MBMl 

:■••■•■■•••  ■■■•■■■■■■  ••■■■■■■■•  ■■«■•■■»••  ••■•■•■■■•  ■■■■•■■■i*  ■■■•■H 

■  •■■■■■■■■  «■•■■  ■■■■■  •■•■■  ■■■■•  «■••■■■■■■  ai»»a aaaaa  anaa  ama  hni 

■  ■■■••■•■a  ■■■«■»■■■■■■  ■■■  ■■■■•  •■■•■■■■■■  •■•■*•  ma  aini aiiMi  huiHMHMMI 
■MMMMtinii  •■■■•■■•■•  •■■■••■■••  •■••■■ibm  aiaaaniif  ■•■••Miaa  mmibbbmibbI 

■ — - — ^ ■UMBBlaiBBa  MMMiiit  ■BBIBMBBj  ■•■«■•■■>«  •IBBI  ■■•«•  MBI 


■ BBBBB •■■■■• 4 ■•• ■■■■•••■■■ ■« ■••■•■■ I 
■  BBBBI  BBBM  jMBI  IBBBI  IMBI  I'  BBI  BBBI  a 

- BM  BBBI  , BBBBB BBBB ■■■■■■  f  IBMIBB'  a 

■mi  ibb  aaaaaa •■•■■ibbbi  ’  ■■■•■■■  <■ 

■■a  ai  ■■•■■•■  •■■■■■■■•I  <••••■■■  <• 

••a  ibmi  mbbi  mb ■»  iibbbIbi  •• 

~  1  *1111  MBM  IBBBI  ■■■■  ■••*■■■•  IS 
IBBBI ■■■■■ •■■■■■■■r a IBBBI Sit  II 


Ssis 


•  •an  aaaii  aanMMaa  aaaaa  iaBaa  anu 

«••*••■•••  •■••••■■■••  ■•••»•■•••  IBBBl 
a •«■■■■*■•■■■■•■■■■■ ■■■ 

•  aiaiiiaii  ■•■■•MBia  ■■■■■ 

•  i«B*iiaii  naasaiBil  ■■■■■ _ 

■  ■•••■■■■a  iiibi  niiii  l■•fl■■■l 

■■■••■■■■■ *■■■■■■■■• •■■•■•••I  _ 

((■Btfiniii  •■Mitiiaat  ala ■  a  ••■■•  ■■■bi  ibbbi  ibbbi 

- ms. - TBBI 


B  IMBI  MMI  ■  BBB*  BBBM  BBBBB 
I  BBBM  IBBM  BbF-4  BBBNM  BBBM 


isaa&BSP 


II  IBBBI  BBBM  •■'  BI  IBBBI  ■■■■•■  IBBI 

- IBBBIir 4BIIBIBS lIBBIf IBBI 

MBBI  •  4BBIMBBI  IBBBI  >  BBBI 
■■■■■  4IBBIIBBIIIOII  rSlfi* 
BBBB  -  ••■••■•■••  MSB*  >•••« 
•BBBB  MB  *B  BBBB*  •■■■■  •■••>  ■■•■•, 

- - - - — ai  ■■■■•  ■■■■• 

JBIIBBB  IBBil 
,->■•■■•■•  I  ••••■ 
IbbBb  Mat  •  BBBB* 
MBBB  IBS'  I BBBBI 
BBBM  Ml  «IBBiBI 
MBBI  til  «• - 


•BBBBI ••• IIBBBBB 

•  BBBM  IB*  ■••MBI 

•  MBBI  •*.  4BI  ••••■ 


•«■•■■•  *a»  4  •  ••  BBC.  ••■•■■•••  •  •••■•••■••  •■■■■•■■M  •■■•••••••  ■BBB'  <»»tf  •■•■•  ■•■••  IBBM  I'  KBB  I  BBBB  I 

■  ••ml  ■•■■••■■■•••■■•■•■•••■■••■■■••  ■■•■•••■••  •■•••  BBMS  MS'  4  I  Mb«  IBBBI  IMBI  MBI*  ,  MM  MBM 

■  ■■■■■■  ■  ■-■  ■•■■■■■  •■•■••■  ail  •IBB«IBB»*  llll«  IBBBI  WIMM«M  |K  *■■■«■«  MBM  IBBBI  ■••'  .  Mali  IBBBI  I 
■■■Mil  ■■•••••■■•  IIBM  •■•••■■  ••••••■•  •Mil  IBBBI  MBBI  Mil*  '  »•■  •  I  BBBI  IBBBI  •••••  II'  40  MBM  BBBBI  1 

■  *  ••••••••••  ■•••■••■••  NtUMluuMiiMl  lasuMir'  Briimi!  •«•*  ■■■•■  »  ■«■■■•«•  MBM 

•  •  •■■•■■■■••  IM«|  ■■■■•  •••■■»•••«  ••■■■•••■■  IMM  BM-'  4  IBBM  ••»••  Mitt  ■MB'  ilMIIIIM  ■•«•■  ■!•■■  ■■■  M  •••'T^BRIrT 

— BBB— ■•■•■  iibbi  f  ibbi  mbbi  iimi  iilii  mbbi  ■••*»■•'>•■  ■■••■  mbbi  ibbiii  bIb»  ■  ibbbi  mbbi  mbm  iw»i  ibbbi  !■»  ai9VBB9Mi  *• 

•  •■  II  IIIBI  IMM  a  IB  5»  i3Si3  laiM  ••■■■  ibbbS  is::  si::::  tssstiMS  sssss  ■#••■  ■••»*  4im3mbm?x»Sb  8bmik%biibSSiiXbm  ■•■■■•■i  ■■ 

•  •■••■•■•■  ■■•••■•  »<M^4  ■•■•'■■■■■  •■■■••■••■  ■•■!■  IMBI  !••■■  ■■•■•  •••••  IMH  ••■  4MBM  IMBlIBBSi  ••■■'  4HM  MWHMMl  iMBIMlli  IMS*  BBBBIIBBBIBB  ■• 


••■•■■•■■• aaiai b 


•  •••••■•■•  •■■■■■•■■Vbibbi 

•  •■■■■■■■•  •■•■•  ■•■■•-•■' 

•  •aai  ■•■■•  laiii.liBii  in 

•  ■•■■■ana. ■■•■■■■■■■  ■■  „ 

•  ••BfMlM  ■■•••»•••■  •«»■: 

•  ••■a  ■■■■•■■■■■  ■■••■  iiibi 

■•■•••■■Ii ••■■I IBBBl »«rr 

•  ■■■I  IBBil  IMBI  IBBBI  I r 

■  •aiiiaiaiiBBiliBiBiii 


•  ■•■■•  ••»••*••••  MM»  MBBI  IBBB«  •••••  •BfM*MMr  •••••■••  ■« 

.•■•••i •••■■BBBBI  IBBBIBBBBI  BBBII ■■■■•  BBBBI •■•■■  .«BBB BBBM  B4- ___ - x  - 

•  MBBI  IBlllBBBBI  •■■••  BBBBI  ••■•■  Mill  ■■•■•  BBB'  f  IBBM  BBBM  BBBBI  BBBBI  .« 
- ZBBI  IBBBI  ■■•■■  (MBI  MBM  IBBBI  IBBBI  ••  «••  MBBI  BBBBI  ■■•■•  MB'  .  Il 

•  ■■■■•■«  ■••■■  BBBM  ■••«•  ••■« •  •■•••  «•■• - - - 

BB«  BBBBI  IBBBB  IBBBI  ••••••■< -  - - 


■Mm*  •■•••  •■■•■  ■■  BM  MBM  IBBBI  ••■'  •  ■■•■■  •■•!■  •■ 

b bbbbi  *'  4«b  Mbm  mbbi  mbm  ibbm  mibi  ••  «•••■■■■■■■■•■■  ■•• 

>1  BBBB#  -IBM  IBBM  BBBBB  BBBB«  BBBBB  IBBBI  '  4«M  ■■•■■'•■■•■  mt  ■•• 


■  ■iiaiaaiaBaliBii|«Bi 

■•■ ■■•••■ •la* ••■■■ Mi 

■  •■■■•••••a  ■■■•■•■■■!  ••< 

■  •■■■•■■■•  ••■■•■••■••■. 

•■■■■•■■f ■ ■■■■■■■■•■ ill - 

•■■■••■■■I ■■■IliBIBI IIBBI IIBBI IBIi 
•••■■•■•■■ ••■■■ ■■••! IBBBI •••■■ IBM 

•  •■•••••■■■■••a ■■■••  •■■■■•■■••  mt  .  iBMiiaiBi 
■■■■■•■III •■■■■■■■■• ■••■•■Bail •■••' JBBBI IBBV 

•  ■•■•■■••■  •■•■••■■■■  ••■■••••••■Bib*  JIBBI  IM  4%., _  _ 

••■■••■aaa ■■■■• iiibi •■•■•■■■•• ■■■••■•■•••  aarlBiBa ibiiiIbbiI lit' .ill! 

--anaa  •■•■•«■•••  •■■■■■•■■■  •■■■,•  '■■•■■••••  ••■li|BBMi'  .■■••• 

!■•  ■■■••■■mi  ■■•■■«■■■■  ■■■•■•■•■  .  ••■•■■•••s  •■■■■  ■■••-  «iaiin 

- - - t - -  - - -  - Bin 


•  BBiBllalBaiiiBB*  <••■>■■•■• 

BI '),■■•  ■■■•••■•■•  IBBBI  •■■■  ’  aBIll MBM  IBBBI  IMBI  ■■■••■■■•'  »l ■■•••■••  IBBBB  lIBBCBBBBi  IBB'  4  ■■•■■■■■■• 

•  IBBBI  •••••%•■■»  II  ill  ••  <1  MMI  Mfia  HIM  IMM  MBBI  ••'  *«  •■■■•  IIBBI  IIBBI  IBBBI  tlBBI  B*  ,11  IIBlIBBlia 

•  alma  ■■■■■•■■■•  lit'  ,•■■•■  ibbbb  bbbbi  iibbi  bbbbI  ibi 
•••■••I  ■•■■■■■■•«•'  -«••••••  ••••BIBIBI  ibbm  mbbi  •■ 

tMiiaiiiMiitaiini  ■■■■ll■■■l  •••■■■•■  ,a  a  ■  ■  •  a  a  ■  ■■  aa  •  ■  •  a  •  a '  -a  ■■••iliBia  him  bbbbi  mbbi  *■  a  «  •■■•■  bbbbi  ••■■BBliBifBBiiiBa  •■■■■  ibBbiibbi  •  ■■••■ 
■  •••li'iiia  •■■■■•■■■•  •■■■•■■■■•  ainiia  aa  ibbbi  ibbii  »■••»'  MBiiifBiiBifiiaBBi  mbbi  JBBBI »  *■(••■•■•  ••••«  ibbbb  ■■■■•  ••••§►  .«■■  •■■•■■■•••  ■■•■■•■■•■ 
4l«ll<ptM  ■•■■■••■■■  ■■■■■•■■■•  liar  .1UBI  •■••■••III  •■K-^l||l|  •  BB  II  IBBII  IBBBB  •••••■••■  BBBM  IBBBI  IiBM  IBBBIIBBM  •••*  .■•■■•  llMBI  IBIM  ■•■■■■■■•• 

amifBiaa  ■•••■••■■■  •■■■•■■■■■•••>  •  ■■•  IBBlIBBB'  ,  ■•■■•BBBBI  IMBIBBBBIBBBBBMBB*  .«■••■■■■•  IBBBI  BMBI  MBBI  MB*  }••••  BMBI.IBBBB  BBBBI  ■■•■■«•■• 

laiiliaaiMCiaa  ••■«•  ■■■■■■■■■••■■aaai  iBIlilBB*  all  MlBl  IBBM  ••■■■■••••  aBlMIB,*, a  •■BBI  IIBBI  IBBBIBBBBI  ••••••*  a«  ■••••  MBBI  lifeBB  •■■•■  •■■■•.••■■ 

•  ■■■•■■■■I  •■■lailBII  •■■•■■■■■•  •■■Ilia  1M  ■■•'■,«•■•#  ••■•■•Bllf  M«ll  •••••■•••■'  ,«l|  IBIM  BBBM  IBBBI  •••■#  BBBB*  .<••■■  IBBBIBBBBI  BBBBI  BBBBI  IBBBB  BBB*  • 

•  ■■•BIBIBI  ■■■••  ■■■■  ■  •■■■•  IBBBI  Mill  «B  •'  «■•  I  Bill  ••■••  BBBBB  (If  II  BBBBI  •••”  -••■••  IBBM  IBBM  IIBBI  Bllil  »»'  ,•«■••■  IIBBI  MbbM  ••••!•••  I  IBlf  I  BIB  ,* 

-  - * -  -  - - - - - —  - - - - IBBBl  ibbbi  «■• 

BBBI IBBBI' !■■■ 
MBI  BBBB'  «•■■• 


• ■•■■■•■■■■ IBBBI IBBBI IB 


i IBI ■••■■•■■ 


j  kBBI  BBBf  •  iaiSl  atSSi  iaiia  liiii  Ibbbi  •■•aiiji*  '  Z  •••iaiBaal  •■••  . 
If Ilf St! (•>!! *119*  ***** ••• *f §■■■■■••»* * .#•! Iibbi ibbii bbb  a 

iMMtMM  IMM  IBIM  (MBI  »••■•••■•••  IBBBIBB'  «• 


■BI IBBBI IBIBI ••■■• •■■■■’ 


BBBI 

• •■■•••••■» 
.«BIIIMIBBBI> 


•  ■Mil  IIBBI  IBBBI  IMBI  IB*  4  IBBBl  •  *  "■•  •••■•  IBB  M  ■■■  *■  I  *  ,  ..  *llM 

•  ■•■BI  ■■■■■iBBiiiBBm'wia  iMiaiUk.  “•••■*  •■•!  •••'.••■••  u.m 

- - - - ..■•laBiiiaSiiNiiiait  *  j  •■■  immIiiii *••. .  **■•*  .«iiaaiMiaaak 

•■■■■•■■•a ■••■■■•••• ■•■•••■■•• iaaaa*  ■■■ ••■■■••■•• ••■■* -  a •■•••■■■•• HBiiia. 
•  •■■■aiMiiiBaiiaaBiaaaaiaBBBiiBakjija  '•••••■■■■■••*  ,**■■■■• .  -«•■■■•■■: 

- - - - - - - -  - - - - “■».  — «•«  | 


■  ••■•••■••MB*-  ••■•••■•■•■■■■•» 

.  , _ ibbbi  ibbbi  *'  •••  mbbi  ■■■••■•■«•  hib' 

*•  iBBilMMI  •■■■••*"  .a  ■•■•!  MMI  ■■••••••••  ••*  a  •••'•• 

MBBI  MBBI  IBB."  .«•■■•  IBBM  IMBI  IMfBlBBBI  *  .«■■■•■■•' 
•iiaBaaaaaa*  -  .«•••••••  UBiBiaititiiltii*  .■••■■••■■« 

'"iBBBBBBBI  BBBBB  BiBBBBBB*'  .«■•••••••■•■•• 

•MIBBailMBIIIMI  •’  .«IIIBBB  IIBBIMBBI 

- - k»  .•aiiMlBBM  laiBliaBBI 


■  II  ••••••I  *•••*■■■■•  IBBBI  •••■■  •■■•••••*''  llflia*  -a  IBBBI  L - - -  -  -  - - - 

•  ■•■ainsi  ••■••■•■■■  ••■•■•••■•  •■•■•••■■«  .♦*••••■■■•  aim  ••■■•••**  ««bbmmmhmb>  '•  *•••»•  ibbbi  ibbii  iiibi  ••■■■'  _ _ 

ama  ■•■■•  «•■■■  imi  ibbIi  mbii  ibbbi  bibb*  -•*.  ••mt  a  ■  •  ••  ibbbb  ifiai  bbbii  Mw;*mih  •»*"  .  *a»k  *  •■■••  bbbm  mbbi  Ibbbi  a*-  .  «■•■•  ibbbi  iibbi  ••■■■•■■•■ 

•  ■■■•■•••a  ■■!■•••■••  •■•••••■•(«•■•(•■'  >a  ibbbi «  **•  taiaiaiBMaiiaiaBiai  ••••«  m-  *  .aaaaiaaM  »'«•••■■■«  bbbbb ■»»-  ^Bbiiibbi  •••.■■  ••■••  ••••■••••• 

•  •••••«•■•  ■■■Bibikks  ■••■■•'  aatiMBtiaBa*.  *•*•■•■■  MaMMMi ;••■•*.  ••••»••«••».  '•••■«•«*  mbbi ••■!•  •••••■•■■'•  ibMbbbbb^ 

•  mimia  ■■■BIlillllBBBlIBBBliBBI'  J  BIB  •■■•••■Iff  (BBB*  .  BBBBI  •**  1  -  •«■ - 1 -  - - - - s*  - 1 - IBBBI  ■■■■BIBBBi  ■■■■•■•■ar 

•  BBI BIBIBI ■■•■■•■■■■■■■■■■■■■■ IIIBI |k -BI Mill ••••* IIBII IIIBI  - * -  - * - 

BB  IIIBI  ••■•■  MBBIiaa.  *B<IBIIBMI  IB  B*  •  "  r 


•  ••••■mi  BBBBI  ••■■•••BBI 


-130- 


120  160  200  240  280  320  360  400 

Horizontal  Range  (kft) 
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TOTAL  MORTALITY  CURVES  FOR  CATEGORIES  2  AND  5  FROM  HIROSHIMA  SCALED  BURST  HEIGHTS 
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TOTAL  MORTALITY  CURVES  FOR  CATEGORY  3  FROM  HIROSHIMA  SCALED  BURST  HEIGHTS 
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TOTAL  MORTALITY  CURVES  FOR  CATEGORY  6  FROM  HIROSHIMA  SCALED  BURST  HEIGHTS 
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•  imii aaaaaaaaaa  aaaaaaaaaa  aaaai apaas  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaa  iiaai  i  I 


I  iianaikwt  aaaa  ■  aaaa*  mat  aaaai  laiiuaiit  maa  aaaai  mat  a 
I  naaiaii  .  aaaaaaaaaa  aaaaaiaaai  aaaaaaaaaa  aaaaaaaaaa  taaaa 
l  a  taaaa  a.  1  iiiaiiiin  iiiaiiaaiiuiiaitiii  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa 

•  iiaMii  •  mn  ami  aaiaaaim  laieaaaaai  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa 
laawiaa  aaaaamai  ama aaaai  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa 

•  aaaalaa-  - - - - - - |a - — —  ---------  aaaaaiaaai 


aaaa  aaaai  aaaaaaaaaa  at 


aiiiBBiiaianaaii  iaaai  i  I 


_ ■Siiiii  aaaaaaaaaa  maa  aaaai  iaaaa  taaaa  aaaaaaaaaa  Saaaajiaata  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  atti  naat  i 

laaaaaaai  .  taaaiaaaai  maalaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaat iiaaaaa aaa a a aaa a aaaa  aiifa  tatat tap aa aaaaa tatat aaaat  aaaaaaaaaa  aaai  aaaai  i 
aaaaaaanMaaaiaaaaiaaaa|aiaiaiiaaaaaaiaaa|a|aai|ai  aaaaaaaaaa  maa  aaaat  taaaa  taaaa  aaaai  aaaaa  aaaia  aaaaa  aaaaaaaaaa  aaaai  mat  taaaa  aaata  aaa  a  aaai  • 

■  iiiaiami  ■«■■■  aaaai  inn  mpi  niiinan  iam  lam  lam  iaaai  iaaai  nan  Man  anil  ill  »■■■■  • 


-  - 1  aim  aaaai  laiaimiui _  _  _ 

taaaa  aa*a*»  iaaai  a  aaai  mam  aai  aaaai  aaa InuBa  maa  aaaaaaaaaa  aa 

MMiiir.  immaai  mmmi  laaaaaaaaaiaaaar - 

n ai in ■■•••■■na iaaaa  iaaai* 


IWWnVWWSVMWWWHOTMaM  ■ 

IVOTNS  taaat  tatat  aaaataaaat  taaaa  aaifia  a 
>aa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  a 


att aaatt ■■■ 


•  aammt  ■  am  aaaai  aaaat  ami  tat’ 


'aaaai 


aaa aaaaa  aaaaa  aaaaa  aaaaa  a 


aaaaaaaaaa 


aaaaa  aaaaa  aaaaa 


aaaaaaaaai  laagiami  aaata aaaai aiaaaaaaai  aa  >■■■■■  >■  I 
a ilea aaaaa aaaia iaaaa aaaaaaaaaa aaaaaaaaaa aa (iaaaa  it  I 
aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aa  lama  <a  I 


•  aaaai  itfaai  •■■■•■aaai  iiiiiMiiLMiiimti  ama  aaaai  atamaaia  ama  aaaai  aim  aaaaa  aaaaaiaaai  aaaaaaaaaa  aaaai  aaaaa  aaaaa  aa 

•  ■■••ami  amt  tit ■■  ami  aaaai  maa  amPiiaaa  aaaaa  aaaaaaaaai  aaaaaaaaaa  aaaaaaaaaa  iaaai  aaaaa  aaaaa  aaaaa  aaaaaaaaai  aaaaaaaaaa  aaaaa  aa 

•  a  imm  •  ami  mat  aaaaaiaaai  ■  am  aaaaa  mat  aaaaa  aaaaaaaaai  aaaat  iaaaa  iaaai  maa  aaaaaaaaai  ■  aaaa  aaaaa  aaaaa  aaaa*  aaaaa  aaaa*  aaaaa  aa 
■■■■■■■■■■■■■■■■■mBMMMaMMMMMMMttMMMnitMnMiliMMMiiitaaia taaat  ttaat.taaaa  tatat  aaaaa  ■■ 

■aaa  aaaaaaaaaa  aaaaaaaaaa  ama  a 
■an  aaaaaaaaaa  aim  asm  iimbb 

aaaai  taaaa  aaaat  ttaatt^^^^^^^^^^^^^^T 

■  mi  iaaai  aaaai  ■■■■■■■•■•  taaaa  aaaai  aiaia  aaaat  aaaaa  aaaat  iaaaa  mat  taatiMaai  ■■■■■mi 
aaaa  taaaa  mti  aaaat  iaaaa  mat  aaaat  •■■■■ibibi  aaaia  aaaaa  •aammi  ••■atiaan  nitti  tat 

■  III  ma •■■■■■  nail nua  iiaiiiaaBi  iBaBBiaiil  ■•■■•■•■■■  ■■■■■■■■■•  miiiimii  iam n  ■■■ 
__ ^■■m  ■■•■••■•ti ■■■■■ ■•■■■  iiaai  iiiii  ■  biii'iibwi  laaaaaaaBl  •••■•••■•■  !■■■■■■■■■  tana  n  ■■■ 

IMNliiiiiaiaiiiMiHaai  tat  at  aaaai  laiai  niaa  aaaai  iaaaa  auai  aaaii  aaaai  aaaai  aaaaaaaaai  iaaai  a  aaa 
rt  aaaai  laaBmaai  aaaaa  iaaai  ■•■■■■■■•■  maa  aaaai  imii  ibim  tarn  Man  mil  nm  naat  aaaai  ■■■an  nil 
II  iaaai  iaaai  iam  aim  aaaaa  ■■atiami  aaata  aaaat  aiaat  aaaai  aaaaaaaaaa  aaaaa  ■■■■•  iitaiiiati  taaaa  ■  ■■§■ 
(■■■■■i  ■■■«■  ■■■■■  iimimiii  iBaanaiBi  iaaaa ■■■■■  ■  a •■iiaiai  •••■•b«bbi ■•■•■■■■ai  ■■■■■■•■■•  p ini  ■  tan 


HHHHHHHHnannBinnnBBnBninBaaTananaaannBntTnTRBmmtTaaB^aaanaaBniaaaaaaanaaaittat^aanaManaTBBBaaat  t  laiaaai  at  I 
iaaaa  mat  ami  aaaia  mat  tmi  ttatt  tatta  ■■■■■••■■■  tatat  ttttt  taaatataat  taaaa  iMti  mat  aaaat  aaaBtaaatataaaaaaaat.taaaaiaaat  mat  aatat  a  (■■■■■•  at  I 

•  pan  ■■■■■  ■■■■■•aaai  iiiii  ■■■■■  naiaiiaai  ■■■■■■■■■•  ■■■■■■■■■■  taima«aa  •■■•■■■■■■  •■■■&•■■■•  •■■•■•■■■■  aaaaaaaaaa  aaaaa  aaaaa  ■■■■a  ipm  i  aaaa  a  ■  ml 

•  ■■■■■■•■•■mi  ami  ••■•■■■•••  ■■■■■aaaai  ■■■■•••■■a  aaaai  aaaai  aaaaaaaaaa  laaaiiaaai  ■■aaaaam  aaaaa  aam  aaaaaaaaaa  aiaai  asm  aaaaaaaaai  >  •■■■■■  (ill 

•  ttmmi  tmttaati  ■■■■■aaaai  tana  taaat  taaataaaat  taaaa  aaaat  taaaaaaaat  mat  aaatttaaat  aaaat  taaituiat  aaaaa  taaaa  taaattaaat  taaaa  aaaai  taaataa  tat  I 
•■■■■aaaai  mat  aaaia  ■■■•■•■■■•  itmtaaai  aaaat  aaaai  taaat  taaat  mat  mat  taaataaaat  taaaa  taaat  iiai<iM|t|H||||t||tt|t|MMt||||MMMn|MMMM 

•  mi  ■■■■■■•■■i  mat  ■■■■■■■■■i  imataait  ■■■■■■■■■■  ittattannHHMMMnnMnnMnM 

■  ■■■••■■■a  ■■•■•■■■•■  •■■■■■■  a 

•  •■■■■■■at  aiaaaaaaai  ■■■■■•■■■■  •■■■■■■■«■  iaaaa  aaaat  «■■■■■■■■■  taaaa  iaaaa  ■■■■■■■■■■  mat  ■•■■•  aattfttata  t  ■■■•■■■••  taaaaaaaat  aaaaa  amt  •■■•■■>  an  I 

•  ■■■■•■■■■  ttaat tttat tattt tatat  •■■■•■■■■■  taaaa  taaat  ttatt  taaataaaat  taaat  tat  at  ■■■■!  tatat tatat  aaatt tataa  taaat  ■aaat  aaaat  ■■■■■taaaaaaaat  (aainMM 

:M^^^^^^^^^^Hillllll■■l■llllll■■l||aM■MHMMn■ti|nHn||||■n||fl||in||||||tnnt||■|||n||||■|aM||■||Mnn| 
tatmaaat 

■  ■■■■¥■■■••  taaaaaaaat  •■■■■■^ — 1—1 1 — 

Bp »»B*8 »8«0  iiaiMII  SHIPS 

_ ■■■■■■■■■  (taaat »  ■■■■ 

^■^^^H^HI^H^HH^HaintiiiautibamaatitauiHBHiaiattiiaituttttaai  taaat  aaaaa  aaaat  aaaaa  taaaa  taaat  taaaa  aaat  a  taaaa  aaat 
•  ■■■■■■■■•  Baaaaaaaaaaaaaiaaaat  ■■■■■■■■■■  iaaaa  naat  •■■■■■■•■•  naai ■•■taiaMt ■•■■•  (aiaiaamaaaaa •■■■•  aam aant  ■■•■•  aaaat  ■■■■•■■■■  i  taaat  >■■■■ 
«■■■■■•■■■ ■■■■■■■■■■ •■■■■•■■■■ ■■•■■■■■■■■■■■■ aaaat  tan  at ■■■■■ taaat taaaa tattt ■•■■■■■■■■■■■■■ taaat aaaaa taaaaaaaat ■■■■■■■■■■ taaaiaaai  ■ taaat  «■■■■ 

•  tttt  ttm  •■■■■•■•■•  ■■■■■  am  ■  tat  it  ta  tn  natt  aiaai  ifiaanafiat  tatmaaat  taaaa  mat  ■■  ■■  ■  aaaai  ■  aaa  ■*■■■■  taaaa  taaat  taaat  aaat  i  taaat  m  laaaai  taaat 
I  •■■■■■■■■•  ■■■■■  tmtimttmi  ■mtimi  ■■■■■■■■■■  •■■■•■■•■■  ■■■■■••■■•  »«■■■■■■■•  taaataaaat  taaaaaaaat  aaaai  a  aaat  taaaaaaaat  taaaa  ■■■  it  aaaat  aaaai 
bttMttaMMtttBMtMMMtatMMattttttatMttttttittttttttttttttttMtttttttttttttttttttttttttttttttttttaaaiBai  ■■■■■■■■■■  ■■■■■■■■  it  taaaa  taaai 

.  tan*  •  ■••••■»•••■■»•  ■»■■■ 

•••••  ■■>  ■••■■•>  •«■•■ 
iaaaa  iiiii  ttaat  ■■>  ■•■■■■  ■■■■• 

■  ■■■■■■■nit  ■■■■■■ii  iiBaaiBatmaiamat  ■■■■■■■■••  aa  tat  taaat  aaaat  taaatataat  taaaa  taaat  taaat  mat  aaaat  taaat  taaai  taaaa  taatt  taatt  ai  )■■■■■■  .taaaa 
la  am  ami  ■■■■■•■■■•  ■■■■■■■■■■  ■■■■■  aatai  ■■■■*■■■■•  ■■■■■■■■■■  Itint«|M|n|||HHt||||nnM||fl||n*|||||nn|*|||MnnnnMMnnMHM|i 

•  ■■■■■■■■a  •■•■■■■■••  ■■■■■■■•••  ■■■■■■■■••  •mkiBMi  ■■■■■■■••■  ■■•■■  !■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

•ttataaatt  a  tail  ■■■■■  ■•■■•■■■■■  ■■■■■  ■■■■■  ■■■■■■■■■•  •■■■■■■■■■  ■■■■■■■■■•  «mt  •■■■■  taamatat  taaataaaat  ■■■■■■«■■■  taaat  taaat  ttaat  ai  ait  aaai  •  aaaaa  1 
atm  •■■■  ■  atm  a  aati  ■■■■■■■■■■  ■■■■■  attai  •■■■■■•■••■■■■•■■■■•  ■■mami  taatt  taaat  taaataaaat  taaataaaat  taaat  aaaat  aaaaa  taaaa  taaaa  ■  <aat  ■■■►  a  aaaat  I 
■  ■••■■■■■  ■■■■■•■■■  ■■  ■■■■•  ttatt  mta.taaatttaftaaaatttm  taaat  taaat  aaaai  taaaa  taaat  mat  tatat  tattt  ttaat  ttaaaaaaat  tatat  •■■■■■■■■••  jaattat’  ■  aatai  I 

r^^HtBBBimmmi  mmmi  ■■■■■■■■■■  ■■■!■•■■■■  ■■■■■■■■■■  taaataaaat  taatt  aaaaa  aaaaaaaaaa  aaaaaaaaai  aaaaaaaaataaaataaaattaaatr  aaat  aaa  itaaaai  i 

^^^■■•■•«  •■■■■>*■••  I  ■■■■•■■•••■•■■■■■■■■■■■■•■■■•■■■«■  ■■■■•••■■■••BBI  BBBBI IBIBI ■■■■«•■■■■  ■■■•■  ■■•■■•>•■■«■■•■  (■•■••■■■■■■■•■  rBBBII  ■■  !•■■■■< 

•■■■■■■■■■  ■■■■■■■■■I  ■•■■••■■••  ■■■■■•■■■■  ■■•■■•■■■■  ■■■■■■■bib •■■■■■•«■■  ■■■■■■■■■■  •  ■•■••■■■•bi  ••■■■■■■  taaat  aaaaa  ■•aatiam  ■■■■■  •■■affcai  ••■•■■ 

•  ■■■■■■■■■ ■■■■■•■■■• ■■■■■■■■■« •■■■■■■■■■ ■■■■•■■■■■ •■■■■ taaat mat taaat taaitaatat taaaa aaaai aaaat aaiat aaaaa aaaaa aiaat taaat ttttr taaat ait  ■■■■■■ 

■  ■■■a taatt •  ■■■■  tmt  mitmat ■■••■•■■■■ ■■ att ■■■■■  taaaamattaatataaat taaat ttaat taaat aatai tataaaatat taaaa aaaat taaaa aaaat tttt , aaaat tai  ttaiat 
^aaaaaaaaaanaaaaaaaMaaaaant  ■■■■■■•■■■  •■■■■■■■■•  •■■■■■•■■•  mat  tatat  taaaa  aaaat  taaaa  aatat  aaaat  taaat  taaaa  aaaaa  ■tataaMaaaaanaaanaaaamnnaMM 


liana  ■■■■•  •■■■■■■■■■  ■■■■■  ■■■{•  •■■ifittii  •■■■■■■■■•  ttaat  taatt  taatt  aaaat  laattaaaaa  aaaat  aaaat  taaataaaat  tBaaa  aaaaa  taaataaaat  ttar  t  aaaat  iFiiiaial 
liana  ■■■■•  •■■■■«■■■■  ■■•■•■■■••  •••■•■■■•»  ■■■■■■■■•■  •■■■•  ■■■■■  nw  ■■■■■  iMBiaim  ■■■■■■■■•■■■■■■■■■■■  ■■■■■■•■•■  tiiaiBtan  ■■■■  .■■•■■••■  !■{■■■■  1 

I^^^^Mim  ■■■■■■■■■■  •■■■•■■■■■  ■■■■■■■■■■  MiBttBMi  •■■■■■ana  taaaaaaaat  aaaaa  aatat  taaataaaat  taaat  taaat  taaaaaaaat  aaaat  taaaa  tat  it  aaaat  ■■  mam  •  I 
^^^■tm  «■■■■■■■■■  ■■■■«■■■■■  •■■■■■■■■■  iiHitnu  taaat  itati  taaataaaat  taaataiaat  taaaaaaaat  taaaa  taaat  taaaaaaaat  taaat  taaat  ta  tiiaaaiwutaifiil 
I  •■■■«■■■■■  •■■■•■■■■■  ■■■■■■■■■•  ■■■■■■■■■■  •■■*•■■■■■  taaaa  aaaat  iaaaa  aaaat  aaaat  aim  mat  aaaaa  tattaattaa taaataaaat tatat taatatr  att  aaaat  •(  tat  aaai  •  I 
btimami  ••■■•  •■■■■  ■■•••■■■■•  ■■■■■■■■■■  Nmami  ■■■■■•■•■■  taaataaaat  aaaaaaaaaa  taaataaaat  taaaaaaaat  taaataaaat  taaat  ■■■■■■'  ■■■■■■■■  r  ■■■■■■■■■ 
I ■•■••■••■•  ■■■■•■■■■■  ••••••■■■■  ■•■■■•■■■■  •■■■•■■■■■  ■■■•■■■••■•  ■■■BimH  ••••■■■■■»  ■■■■■  um  ■■■■■■■■■■  ■■■••■■■■■  •••■■•■•»•  r  •■•■■■■■■  * 

!••■■• •■■•■•■■•*■■■■• ■•■•■••••■ ■■■■■■■■■■ ■■■■••••■■ ■■■■■■■■■• •■■•■■■••■ ■■■■■■■■■• ■■■■■•■■■■ ■■■■■■■■■■ »■■■•■■•■■ ■■•■■■■■•■  •■■■■■■■• ■ 

■  ■■■•■■■••  itm.tmi  •■■■■■■■•■  ■■■■■■•■■■  Miniam  hih  ■■■■«  ■•■■•Maai  »•■••■■■■■  taaaa  aaatt  tat  at  taaat  ttaat  taaat  taaat  aaaar  iatti  aaaai  >  taaMlPVP 
•  am  ■■■■•'•■■■■  ■■■•■  ■■■■•■■■■■  ■■■■■■■■■■  Hiaitaaiiiiaattiti  taaataaaat  taaaa  aatat  aaaaa  ■■■■■  mat  taaat  taaaaaaaat  taaattaat  .  mat  aaaat  aaat  aaa  u 
■  ■cmmm  ■■■■•■■■■  ■  ■■■■■■■■■■  ■■■■■■■•■■  ■■  aaa  taaat  ■■■•«■■■■•  ■■■■■■aaBi  iaaaa  taaat  aaaataaaat  taaataaaat  taaat  taaat  taaattaar  ■■■■■■■■■■■  ittatatt  n 
^•■•■■■■a ••■■■•■■■• ■■•■■■■■•« •■■■■■■■■• •■■■■■*■■• •■•■■•■■■■ •■■■•■■■■• •■■■■■■■■■ taaat aaaat ■■•■■••■■• aaaaa taaat ■■■■*■■■  f ■•■■■■■■■• ■■■■■■■< ■■ 
•■'■at  ■•■■■  ■■■■■■■■■•  •■■■■■■■■•  ■■■■■■■■■•  «■■■■  ■■■•■  •■■■■■•■■■  taaaaaaaat  taaaa  taaat  mat  aaaai  taaataaaat  taaat  taatt  taaat  ■■  at  •■■•■■■■■•  aatat  ■■»  ■• 
Mtmtt.at  ttm  ■■■■■■■■■••■■■■  •■■■■■■■■•  ■■■■■■■•■•  ■■■■■■■■■■  taatt  aaaat  taatt  iitat  aatat  taatt  aatat  aaaat  taaattaaatiaaattr  m  •■■•■■■■■  *■■■■■■■  <ai 
ftiintaiiiaiat ■■■■■ ■■«■•■■■■■ ■■•■•■■■■• •■■■■■■•■■■■■■■■■■■■ taaat taaaa ••■■■■■■■■ taaataaaat  taaat aaaaa taaataaaat  taaatv  ^aatttattatar » ■■■■■■■ <■• 
l«BtBitatti  •■■■■■■•■■  ■■■■■■■■■■■■■■•■■■•■  tatattttai  taatt  ■■■•■  ■■■■■  ■■■■■  taaat  ttaat  taatt  ■■■•■  aaaat  ta^E  taaat  ■■■■!  taaat  .■■■•  it  ■■•■■■-  t  ttaat  at  •■• 
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•  ••■•■•■■a  ■■■■■■■■■■  ■■■■■■■■••  •••■■■■■■•  ■■■••■■■■•  ■■■■■■■■■■  »m«Bim #■■■■•■■■■  ■■•■■•■■■■  ■■■■•■■•■■  ■■■■■■■■■•  •■■>  •■■■■■  ■■< 

•  ■■■•■■■■■iBmatttt  ■■■■■■■■■■  ta  ■■■■■■■■  tftaat  ■•■■••■■■■■■■■■  aaaat  taaat  taaat  aaaat  •■■■■  aaaai  taaatmat  taaattaatt  tar  /■•■■■■  in 

•  ■■■■■■■■••■■■■■■tat  ■■■■■■■•■■  matt  ■■■■■■■■■  mn  imtiaBiitimtim  taaat  taaat  taaat  ttm  taatt  aaaaa  taaat  •■■■•■•  <itiaaai  tai 


«■••■  mat  at  ■■■■■■■  ■  •■■■■■■■■■  ■■■■■■••■■  ■■■■•■■■■■  ■■■■■■■■■•  ■■■■■■•■ 
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•■a ii ■■■■ l ■■■■•■■ ■■••■■■■■■■■•■■■ ■■■■■■■ ■■•■■ ■■■■■■■■■■ ■■■■■ •■! 

■  ■•tltiiil inittaiii  tMiiatia  ■*■■•■■■•«  ■•■■•■■»••■■■•■•■■••■ 

•  ■■■■■■■ta  •■■■■■•■■■  ■■■■■••i  ■■■■■■»■••  •■■■■  aaaaa  it  tat  taaat  taaat  taaat  taaat  taaat  taaataaaattaaattaaattaaattt  ,aaaaa< 

•  ••■■■■m  ■■■■■•■■■■  ■■■>■■■■•■■■•■•  ■•■■•  ■■■■■■■■■■■■■■■■•■■■  MiM •tin *•■••■■■■■  •■■■■•■■■•  ■■■■■■■■■■  ■•■•••' im|| 

•  ■■■■■■■■•■■■•■•■■■a  •■■■■■■■••■■«■••■■*■  •■■■■■■■■■  •■■■•■■■■•  ■■■■•■■■•■ 

Utttmtai  mn ■■■■■  •■■■•■■■■mimiiiiii  ■■■■■■■■■•  ■■■■■■■■■■  immimm 
£■■■■■■■■■■•■■■••■■■■  •■■■•■■■■■  •■■••taaii  •■■■•■■■■■  ■■■Mimd 


till  it  rat  jBBBii  >■■•  I 


■■■■tar jtti 


. 


aimati 


. . mi  ■■■■■•■■■•  •■»■••■•■■  ■■■■■■•■■•  ■■•■«■■■•■  ■■■■■■■■•■  maa  aaaai  Maat'  •■■■  bbbbibbbbi  ■■  jibbbbbs  •■■■  .■■■■» 
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•  ■•■•■•■■■■■■■■■■■■■  ■■■•■mu  laimttiii  ■■■■■■■■■■■■■■■■■■■■  laaaiaaaaa  aai 
••■•••■■■■ nan  iaaai iaaaa  aaaaianai  naai isaaa lias* aaai - 

!!!!!!!!!!!!<•!!•!!'!!•!!!!!!!!!!!!!!!!!!!!!!! - 


ai aaaai laaaiaaaaa iaaai aaaaiaaaaa aaaaa aaaai iaaai  laaaai  >aai  I 

>iaaa  mnmn  aim  aaaaa  aaaaa  iaaai  iaaai  imii  iaaai  laaaiaaaaa  aiaai  ■•■■'  aaaaa ■  taaa  I 

.  _ jaaaa  iaaai  ■•■■■■■■■■  iaaaa  aaaai  iaaai  laan  iaaai  aaaai  aaaaaiaaaa  ■■■■■  iaaa  ini - 

■  ■■■■■■■■• ■■■■■■■••■ ■■•■■••■■I ■■■■■■■■aa ■■■■■■■■■t •■■■■••■ai iiaaa aaaaa aaaaa aaaai laaaiaaaaa iiiitiiaai iaaai aaaaa laaaaaaaai aaaai iaai < - 

•  ini  ••■■■■■•••  ■■••■■••■■  unman  ■■■■■■■«■•  •■■•■■■■■■  ■■■■■■■•■a  mai  aaaaa  ■■■■■  iaaai •■■■■■■■■■  nm  aaaai  •■■■aiiaiiiimiiii  i 

•  ■••■■•••■  ■•■••■•■••  ■■■■■■■■■•  iiiiiiiiii  ■■■■■■■•■•  nail  ••mi  mamaai  •■■■•  ■■■■■  ■■■■■■■■■■  mniamiain  ■■•■a  ■••••■•■■•  ■■■■■■•■I  i _ _  _ 

•  •••••■■•**■■■■  iaiai  ■■■  ■■  mn  mnmn  ■■■■■■■•■•  •■■■■■■■■■  ■■■■■■■■■■  ■■■■■■■•■•  ■■■■■  aaaai  iaaaa  ■■■■■aaaai  iaaaa  aaaaaaaaaa  nan  an*  i  inai  (■■■•  I 

•  ■■■■■■■■■■■■■■■■■■■  ■■■■■■■■■■  mu  ibiii  aiiniiati  iaiai  lam  nan  ■■■■■  ia  ■■  ■  aiaai  laiaiiti  ■■  iiibiiii  ■■■■■•aan  iaaai  naai  inn  in  ■••■■■  iaiai  I 

•  •■■■■■•■■  ■■■■•■•••i  ■•■■■■■•«■  ■•■■■■■■■I  iiiaialMi  aaiai  aaaai  aaaai  aaaai  aaaii iaaaa  iaaai  aaan  laaiiasaai  iaaaa  iaaaa  iaaaa  iaaai  laaaiiai  n  ■■■■■  inn  I 

•  nnnin  inn  •■■•■■■■•■■•■■■  nminn  ■■■■■■■■■■•■■■■■■■■■  ■■■■■  ••■••  lam  ■■■■•■■■■•  nm  ■■■■■■■■■■  inn  nm  mn  inn  «■■■■■■■■■■■  I 

•  ■■■■  ■  nn.i  ■■■•■■■■■••■■•••■■•  •■••••■•••  mnnin  ■■■■■■■■■•  mn  inn  ■■■■■mn  inn  ■■■■■■■■■■■■■■■  ■■•■■■■■■■  inn  nan  nannt  inaaai  nm  1 

•  ■■■■  inn  iaaai  iaaai  iaaf  iiaaai  iaaai  iaaai  laaaaaaaai  ■■■■■•■■■•  ■■  ■■*-•■  ■■■  •■■■■■■■■■  ■■■■■■■■§f  ■■■■■■■■■■  ■■■■■■■■■■§■■■•■■■■■  ■■■■■•■*,■■  •■■■>  ■■■■■  | 


]:■  ■•  an  ■■■■■•■■■■  mnnin  naai  lain  ■■■am  in  *■■■■■■■■1  iaaai  iaiai  aaiai  aam  ■■■■•■■■■■  laiBiiaaai  iaaai  nr  a  a  ■■■■>  ■■■■■ 
■  ■■■■•  •■■•■■•■■■  •■■■■■■■■■  inai  iaaai  ■■■■■■■■■•  •■■■■■■■■■  iaaai  iaiai  ■■■■•  aaan  laaaiaaaal  ■■■■■  iaaii  ■■•■■•n  ■■■■■■  ipin 
•  mi  ■•■■■  ■■■■•■■■■•  naninn  laaiiiiiii  iiiaft  ■■■■■  iaaai  naai  laaaiaaaal  iaaai  iaaai  iaaai  iaaai  ■■■■■■■■■■  inn  nan  laaaaaaaaa  uum  aiiiai  <  iiaaa 
•■■•■■••ai  •■■•«  •■•■•  ••■■■••■••  ■■■■•■■■■i  nan  nan  iiiaa  iaaaa  aaaaaiaaaa  •■■•■■■■■■  mnnan  ■■■■■■*■■■  ■■■■■■■■•■  laaaaaaaaa  iiiiin  m  nn  inin 

- - * - - - - - - - - - - ~ana  mn  •■■■■■•  mint  min 

- ,  (|,  Iai,  ||iaia 

_  ........  .....  ... _ i  aai  in'  a  aaaaa 

•  aaaa aam  inn  iaaai  •■■■■■■■■■  •■••■■■■■•  aaiiaaiainaaianaii  laaaiaaaal  laaaaaaaai  uaiiaa>aiiiaaamainBaiiaaaiiaaBaiaaai  iaaai  ■  lann  iinaai 
•  nn  ■■■■•■■■■■  inn  inn  ••■•■■■•••••••••••••■•■•■  inai  iaiai  nininnmnnan  mn  inn  ■■■■■  mn  inn  inn  nnnnn  nnn  ■■•  ■■■  <■■•■■■ 

•  minni  ■■■■••■■■■  •■■■■■■■■■  inninn  n  mi  am  inn  nan  n  ‘ 

■  ■  »■■■■■■•  aim  in  ■•■■■■■■■■■■  •■•■■■■■■■  •■■■•  iaaii  aaiai  aaaai  aa 

•  imiiniBi  ■■•■■■■■  aimaiiia  aiinnm  •luaniii  aaiai  aaaai  inn  iaa _ _ _ _ _ _ _ 

nminn  nan  mil  annmnaiinannaniaanaa  nan  nan  iaaai  aaaai  •■■■■■■■■•  niiiiBaai  laaaianai  naai  naai  aaaaa  aaaai  iaaaa  aaaiH  iiiibbi 
i ••••••in  nm f  mi  laiaiiiaai  iBaaiiaaai laamaaai ■aainiin  innaaiai  ■•••'■••■■■  nninm  n  in  niip  ■■■■■■■■■■  ■■■■■■•■••  inn  mam  <■■■■■•> 

nan  aim  mn  lam  ■•■■•  mn  aam  iaaaa  laniaiiai  iaaai  aam  aaiiiiaiai  aaantmn  nninm  iaaai  naai  nm  iaaai  nan  aan*  mu  aaaai  ■■  an  ana 
mninia  ■■■■■■pm  aaiai  inari  aanaaa.na  aaiBfaiiBi  ■■■■■■■■■«  nan  naai  laafeanm  laaaaaaaai  ■■annaai  naai  aaaai  mamaai  taaar  iiibiii  laiaiaa 
mnnin  mn  ■■■■■  nminn  nm  nan  ninnm  iiiiiiiiii  nnmaai  laiaiaaaai  iaaai  naai  iaaai  aaaai  iaaai  aaaaa  aaan  aaaai  naa  mn  a;  aai  aaaa 
mn  ■■  iaa  iaaai  aiaai  iaaaa  iiaaa  aaiai  aaaaa  iiaaa  iaaii  laaaiiiaai  nan  aaaai  nninaai  iaaai  aaaai  iaiai  aaaai  laaaaaaaai  inaiaaiai  iaai  iiaaa  a  a  aai  aaaa 

- - - ••■■■•  •■■■■■■■■•  •■■■■■■■■•  ■■•■■■■■■•  •■■••  ■■■■■  ■•■•■■■■■•■■■■■■■■■l  ■■•!  •■■■■■•  >■■■■■■•  . 


I  •■■••■■■■■  mnnin  mn  n  in  •■■■■  aa  a  nan  ■■•■•■■  lain  inn  inn  •■••■■■■■■  n  in  iaaaa  iaaaa  aaiaa  iaaai  iaaai  aani  nan  main  i 
aaiai  aina  aam  aaiia  aaiai  aaaia  iaaaa  aaiai  aaiai  a  aaaa  anniana  a  naa  aaaaa  aaaaa  iaaaa  aaaia  aaaai  laaaaaaaai  aaaaa  aaaai  iaaai  nan  iiaaa  at  a 
•  ■■■■■iin  nm  inn  ■■■■■  ■■■■■  inn  nm  minim  nninm  annum  amanna  aaninna  ■■iiimia  ■■■■•■■■■■  iaaaa  nan  lamar  a 

- a  imiima  aaaaa  aaaai  uaiiiiiiiiiiaiiiiiitiiiiiimiiiaaiiaii  iaaai  ■  ■ 

■  mn  aaaai  nan  aam  •  •••■••■••  pnn  a  am  nan  inn  ••■■•  inn  •■■■■■  ■ 
a  nm  nannm  nin inn  ■■•aaiaaai  iihiiiiii  ■■■■■■•aai  laini  nn  «■■  ■••■■■»  I 

•  iaaai  anal  laaifiaaai  fiaaiaaaai  ■■■■•■ana  aaaai  ■■■■■•■■■■  aaaai  lain  a  aaaiifii  mini  1 
a  aam  iaaaa  aaaaa  ■■•■■  •■••■•■aanaaiiiam  ■■•■•■•aai  n  ■■■■■■■■  iaaaa  r  iaai  ■■<  ■■■■aai  I 


laaaaa Saaaaaa||| SSaaSaiaaS  M* iiaaaaii  naSSaaa  '  I 


•  ■■•■nm  •■••■•■■■■■■■■■•■■■■  ■■■■■  ■■■■•■■■■i •■■•■•■■■•• 

•  ■■■■  ■■■•■■■••■  nm  •••••*■•••  nan  ■■•■•«■■■•  aaan  ■•■••  iaaaa  lana  anai  mai  aaaai  iaaai  aam  aaaaaiaaaa  p 
mnnin  ■••••■■■■■  ■■■■■■■■■■  nmnin  aaaaa  aam  •■■■■  nan  aaaaa  aaaai  inn  aaaai  panaaaaai  linn - 

•  ■■■■■■■■a  iiiniiiiiiiiiiiiliiiimiiiii  mil  aaan  ann  nin  nn  laaaai  nan  ■■■•■  aaaaa  ■aaaiiaiiai _ _ _ _ _ _ _ _  . 

mai  aaaai  aaaaaaaaai  aaaaaaaaaa  aaaaaaaaaa  ■■■■■■■■■■  aaaaaaaaaa  laaaaaaaaa  laaaiaaaaa  laaaaaaaai  ■■■■iiaaii  lauiaiaai  laiaimai  ■»  maim  aaaaaaar  a  I 

•  nn  ■■■■•  •••■•■■■■■•■■■■■•■■■  ■■•■mm  mn  nm  a  ••■■••■■•  inn  naai  ■•••■••••■  iiuiiiin  •■■■••■■■■  naai  nan  maanan  ■>  ■■■•■•■■  iaaai  aaa> 

•  ■•■■■nn  mnmn  •■••■  mn  inn  ■••■■  •■•■■■■■■■•■■■■■■■■■  inn  nan  ■■■■■•■■■•  iaaai  aaaai  naai  lain  ■••■■•■•■•  aaaaaaaaaa  a  janaaaaa  aaaai  ■■■  , 
inn  mn  mnmn  ■■■■■  ■■■■■  ■■■■■■■■■■  mn  mn  alan  inn  nm  iaaai  laaaaaaaai  iiiaiiaHl  naai  aaaai  laaaaaaaai  aaaaaaaaaa  -  aaaiiaaaa  ■■■■■  ■■■  i. 
annum  ■•■■■■■■•■  ■■•■mail  anai  in  ■■  iiiiiiiiii  taamnaa  inainni  ■■■■■■■■■«  ■■■■■■■■n  iaaai  iaaai  naaiaaaai  iaaaa  aaaai  jaaaiaaaai  aaaai  ■■■  ta  I 

•  manna  aaninna  amnnaa  aaaia  ama  Manama  aaaaa  aaaai  aaaaaaaaaa  aaaaaaaaaa  aaaai  naai  aaaaa  aaaaa  iaaaa  aaaaa  iaaaa  aaaa'  mama  a  imiibbi  aai 

•  ••■■■■in  ••  ■•  •■•■■■  •■inriiii  •■■■■■■•■••■•••■•■••  naaaaaaaa  iiaaa  aaaai  mnmn  ■■■•■■•■■■  aanaaiaai  •■■■•■■■■■  lalaaaaar  .  pimam  inaiaar  n  I 

•  iminn  ■••••••■••'••■■■■■■■•  mnmn  •■•■■■•■■■  ■■■■■  aaaaa  annum  inaamn  iBaaiaaan  aaamaaai  namaaai  aaaaataa  •  ■—■■■■■*  i  nan  aai  ■■  I 

•  ■■■■  nm  nminn  inn  ■■■■■■■■■■■■■■■  ami  mn  nan  naai  laaiiaafn  iaaai  aaaai  aaaaa  aaaaa  aaamaamaaaaaaaaa  •■■■■■■?  ia  in  ■■■■■■  a  mam  ai  I 

Iiiiiinm  naai  pain  ■■■•■  aiaai  ■■■■■  •■■■■■■■••  ama  naai  mn  naai  mamaai  lamaaaai  ■■■••■■■■■  laaannai  mam  <n  ■■■■■■■at  a  iaaai  ■■  taa  I 

■  mi  •••■•  annum  inn  ■■■■■■■•■■■■••■  annum  ami  naai  ■■■■■■■■■■  aininaii  naainan  maaini - -  —  ‘ 

■  •■••■nn  ■  din  mn  mn  nm  ■■■■•  mn  naai  iaaai  iaaiiitiii  a - 

•  ■•nmn  •■■■•■■•■■  innimi  mnnin  annmn  anai  naai 


J 

xti  K 

•  b 

O 

e  : 


aaaaiaaaaa  ■•••••■■■•  laaaiiaaaiinaanaaiaaaaiiaiai •■■■•■'  aai  annul  a  aapnn  iaa  I 
aaaaiaaaaa  inanani  lannam  naai  iaaii  aaaai  ••■■  %*!•••  r  •■■•  imnn  >•  ■■■■■■•  ••■  I 

_ _ _ _ j  aaiaa  aaiaa  naaaaaaaa  aaaaa  aaaai  ■■■■■■■■■■  naaanaamaai  inn  nan  an  #■  •■■■■■•  ml 

■  nnmn  ••■■••■•■•■■■  ■■■■■■•  naai anara aaaaiaaaaa  BaaaiaaaaaiaaaiaNmiaaiaaaaaiBiaaaaaai  laaaiaaaal taaaiaaaai ibm  aaaai  maiaar  n  amii,  an  I 
(■••■■■in  ■  manna  ami  mi  a  Manama  mar  ■■■minimal  nan  ana  a  aianaaaai  ■■■■■aaaaa  laaaaaaaaa  aaan  aaaaa  aaar  aaaaai  laaapns  ai  iaaai  ■  «■■■  I 

{■  mnnin  win  mn  mamm  mn  iaiai  mn  iaaai  liaaaaaaaiiiaii  aaaaa  laaaaaaaai  nanaaaanap  41  naai  uaatir  in  ■■■■■■  nn  I 
*•■■■•  •■■■•  ••■■•••■••••■••■■aai  iBmmnnmimi  ■••■•■■■■■  ■■■■•■■■■1  annum  ■■■■■■■■■•  ■■■••■»  ■•■  •■■■■■  ■■•■I 

•  •••■••■•■  ••■••■■■■•  •■■■•■■•■•  •■••••■•■•••■••■■■■•  mnnm.mnnm  mnmn  ■«•—■■■■■■  ■•■■■•■■■•  ■■■■■•■■■■•’'■■•■■•■■  imn  an  ■■■••f  ma  I 
•  •■•••■■•■mnnan  mnmn  mnnaaa  pnaa  aiaia  iaaaa  aaiaa  iaaai  aaaai  inn  aaaai  lalfea  aaaai  iaaai  aaan  iaaaa  iaaai  t  laaaaaan  man  <aai  iaaai  aaaii 

- - - lanmnnm  nan  inn  <nainni  pnn  ■■■■■■■■■  iaaaa  I 

la•••■■■••■■••■0aa■aaaa-  laninni  ■•■n  inaimn  aaaai  I 

iaai  laaaaaaaai  iaaaa - ■ 

nil  ■  i  in  aaaai  nmn 


mnnin  mnmn  mnnan  nan  mn  iaaai  aaaai  •■■■■■•■■aiaiaa  aaan  iaaaa  aaaaa  aaaaa  aaaai  aaaaa  aaaaa  aaaaa  aaaai  <■■•■■■■•■  p 
ainamnaimmn  amimniianmnnanmaa  lanmaai  ■■•■■■■■■■  mn  aaaai  iaaai  aaaai  •■■■•■■■■•irtaaiaaaa-  lanimn  ■ 

•  ■■■■■■■  pi  inn  ■■  in  ■••  nmn  ••••nnn  iaaai  iaaai  mnmn  laniiBnnmimn  ■■■■■■■■■•  iiamiiai  maam*  •minim  nn'  maimat  iaan  I 

•  iminn  iiminn  inninn  nnn  mi  mnnin  mnnan  naaiaaaai  iaiai  naa  1  laaaaaaaai  naaiaaaai  nan  nr  jaaiiaiiitaa  ••■*  1 

•  ■■•■■nn  mnmn  mn  ■■■■••■■■■■■  in  mnmn  mnmn  iaaai  nni  nan  nan  iaaai  aaaa# - — - 

.  . . •■■in  annniillllinini  aaaaaaaaaa  ann  iaaaa  laaaaaaaai  lain  aaaai  ■•■■■•■ail 

•  ■■•nun  mpiiBin  ■aaainiaijiiaiiiaaa  mnmn  ••■■•■■■■■  ■■■•■  inn  ■ - 

•  nnmn  ••■■•■•■■■  nm  inn  mnmn  laaainan  mnmn  ■■•■•■■■■•• 

•  ■•••■•■••'••in  lain  mnmn  minim  aaaai  •■*■■  mi  nnn  •■■■•■■■■•  ■■■■■mn  ihhiiiii  ■■■■■■■  ■■■  ini  .inn  mnmn  •  mi  aim  in  ninn  I 

•  ■■nmn  mniimmiimn  ■■■■■  aim  nainiin  anniani  ■•■••■■■■■  iaan  iaaai  mai  iaaaa  aaaia  aaaai  iaa-  •■•■■■  laaaiaaaaa  .mnnnm  iiuaai 
inn  ■■■•■  mnmn  mn  mat  mat  mn  mnnni  MiiiiaaaiuaaiiMai  iniaaiaM  innaaauHiiiaaaafU'  ••••anaaaaimr  mnnmni  nmn 

•  nnmnmii  nan  laaaiaaaal  iaaai  naai  laaanaaai  laaaaaaaaa  iaaaaauai  aaaai  aaaai  iaaai  aaiai  Maaiaaaaa  ir  iiiniiiimiiii'i  mamaai  ■■'  ■■■■■■• 

•  nn  ••  in  ■■•••■■■■■  mi*  mn  mnmn  •■■■•*•■■•  •■■•■■■■■•  naaaaaaaa  aaaaa  aaaai  ifimanaa  •■•■•■■•■■•  <■■■■**■■  mnnr  nnaanaaai  - 

•  aiamni  ■•■•••■••■  •■■•■•■■■■  minim  aaaaaiaaaa  •■■•■aaiai  maaaaaai  mamaai  iaaai  naai  ■•■■•■■■■■  .aaainan  aanaar  m  ■■■■•■■■■■•< 

•  •■•■■■■■•  •••■•■■■■•  aaaaa  aaaai  miimaimainaaimainnapaanaannaaaaaaaai  naaiaaaai  iaaai  aaaa' - a - - 

■  •■nmn  ■iiiiiam  mnmnmn.mii  mnnan  mamaai 

•  nai  ■••■■■•■•■■■■■•■■•••■■■■■  mn - 

-  - ■••  innimi  mn  _ _ _ _ _ _ 

■  mi  narfmm  -isMina. 


Imnn . nm 


:naaia»nnr  m  mamaai  ■■  mnn  t 
bbbbi a ibb ■ ijiai ■■•■■■■■•■ at ••••■••/. 

•  ■■■■■■  mnnin  ■■■■■■••■■  ibbbiibbbi  naniiBii  aiBBiiBna  ■■■■■■■•r  4 nna ■•■aiinai  <nn  ■•■■■■■■■•  a  .aiiaiaa/  1 
■  ■■■■■a  an  nmn  annmn  aaaaliaaii  ■•■■■  ibbib  iBaiiaiaH  laiaiair  ji  ■■■■■■■■■■  ana  .iliaiiniliiiiii  iiiHui<  I 
>■■  ami  mpimn  ••■••■•••■  •■••Imn  mnnMi  immia*  ■■■■■■•  >■■•••••■••■■••■'  mmmmmm  Iiiiiiiiii  *  mmmimmmS  .  I 


•  ■•■•■■inmnnin  mnnin  mnna 


aai  nan  <■■••  I 

- - - - - - - - — ■••  ma«  tun  I 

.  .  ....  _  aai  maanaaa '*•■•■■•••  aiaai' iaai  laaaaaaaaa  aaaaa  ana*  aaaaiMaai  aaaat  ma*  I 

-------  niaan  aaanmn  mniaai^  aaaaaianaaaaiaaaaaa  aaaainan  amanai' <■■■•■■■■*•■■•' iaaaa  iaaaamaaaaaaaaaa' a  aaaaaaaaaa  am. iaan  1 

•  ••••  •■■••  inn  t  mi  mnmn  mnmn  mniaan  pnnniBi  ■•••■■■•■•  iaaaa  aat'  *  ■■•■••■•■■  aaa#  laasaa  aaaaaaaaaa  maanr  sm  iaaaa  aiaaa  nn  aaaaai  I 


•  ••■•••■■•-•••■•••■■a  naiimn  miimniaaaamai  naaimai  laaaaaaaai anaaa 

•  nnmn  ••■■■■•■•■  aamnm  miiinaat  laaaaaaaai  mil  iaaai  aanmaai  anaai 
tiinniia  ■••■■■■■■■  annmn  mnmn  aaan  nm  aaaia  mn  laninan  nma 


•  •••••••••  m  •■*•••*•  mn  mn  mnmnmmian  mnmn  immaai  mnn'  n  iaaai  iaaai  mmr  mam  aaaaa  iaaai  man*  innmnmiaa  man  I 

•  ■•■inipa  mninia  ■■•■•■■■■■  iiiiiniiiMiiiiiioiiiaiiiiaii  naaaaaaaa  ■■•■•■'  iaa  aaaaiaaaaa*'  maaaaa naif  ■■■■.•■■■■■'  mi  mamaai  m  41  aaaai  I 
- ••■•■■■■■  niamni  paaamaai  laaanaaai  laaaaaaaai  iaaai'  mi  iaaaa  aaaai  -  mi  aaaaa  mai  aaaai  nai'  •■••■•■•■■•■■■■■•'  n  aaaai  I 

-  “*■  ijiihiii 

'  tniiMi  I 

-  - -  - - -  iaaaaaaat  I 

aainiamaannn  .aiHiaainiiiiiiiii  .naa iaaai  I 
•aiaii|iMfMifnat .  laaaaaaaai  maiaaaar  iiaainaii  I 


•  ■••a  mn  •■•■••■■■•  nan  nan  nninaai  paaaiaaaai  laaanaaai  mat  iaaai  mn'  iaai  laaaaaaaai  -  mi  naai  mai  iaaai  ■•■■'  iaaai  mamaai  ia 
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TOTAL  INJURY  CURVES  FOR  CATEGORY  7  FROM  HIROSHIMA  SCALED  BURST  HEIGHTS 
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APPENDIX  A 

FORMAT  OF  BUILDING  DATA  TAPE 

A.  INTRODUCTION 

The  following  is  a  brief  description  of  the  format  and  content  of  the 
building  data  tape.  All  of  the  data  are  recorded  in  binary  form.  The  binary 
words  are  recorded  in  floating  point  (F),  fixed  point  (I),  and  binary  coded 
decimal  or  alphameric  (A).  They  are  so  noted  (F,  I,  A)  in  the  following 
brief  summary.  The  order  of  the  words  in  a  record  are  exactly  the  same 
as  the  following  numerical  listing.  Each  block  of  building  data,  including 
block  heading  data,  is  written  as  a  single  binary  record  on  the  tape.  Blank 
(missing)  data  are  recorded  as  a  (-1.  0)  for  all  floating  point  data  and  as  a 
binary -coded-decimal  (BCD)  blank  for  alphameric  data. 

B.  DESCRIPTION  OF  BINARY  RECORD  ON  TAPE 

Note:  Items  1  through  17  apply  to  the  block  and  not 
specifically  to  the  buildings  within  it: 

(1)  Sheet  number  (F)  is  a  unique  number  assigned  to  a  block.  The  sheet 
numbers  run  from  1  through  5289  sequ2ntially.  There  are  several  sheet 
numbers  which  have  the  same  integral  value  but  differ  in  the  hundredth 
position  by  one.  An  example  is  45.  00  and  45.  01.  The  sheet  number  is  a 
fioatmg -point  binary  word  and  may  consist  of  up  to  four  digits  to  the  left 
of  the  decimal  and  two  to  the  right. 


i 
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(2)  City  code  (A)  is  the  code  assigned  to  a  city.  The  codes  run  from  1 
through  55  sequentially  for  the  55  cities  processed.  This  code  is  a  BCD 
binary  word  that  may  consist  of  up  to  two  decimal  digits.  (The  codes  are 
given  for  each  city  in  Table  15. ) 

(3)  Sanborn  volume  (A)  uses  the  volume  code  as  read  from  the  Sanborn 
map.  The  Sanborn  volume  is  a  BCD  binary  word  that  may  consist  of  up  to 
two  decimal  digits  and  one  alphabetic  character. 

(4)  Sanborn  page  (A)  uses  the  page  code  as  read  from  the  Sanborn  map. 
The  Sanborn  page  is  a  BCD  binary  word  that  may  consist  of  as  many  as  four 
decimal  digits  plus  one  alphameric  character. 

(5)  Sanborn  block  (A)  uses  the  block  code  as  read  from  the  Sanborn  map. 
The  Sanborn  block  is  a  BCD  binary  word  that  may  consist  of  as  many  as  four 
alphameric  characters. 

(6)  Area  type  or  land  use  (A)  uses  the  code  assigned  to  the  block  which 
most  adequately  describes  the  use  of  the  land.  The  area  type  is  a  BCD 
binary  word  that  may  consist  of  one  decimal  digit  and  one  alphabetic  char¬ 
acter.  (The  codes  are  given  for  each  land  use  in  Table  5. ) 

(7)  Area  scale  (F)  is  the  scale  of  the  Sanborn  map.  The  area  scale  is 
a  floating-point  binary  word  that  may  be  as  large  as  999. 
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(8)  Upper  street  width  (F)  is  the  width  (in  feet)  of  the  upper  street 
bordering  the  block  under  consideration.  This  width  is  a  floating-point 
binary  word  that  may  be  as  large  as  999. 

(9)  Upper  street  length  (F)  is  the  length  (in  feet)  of  the  upper  street 
bordering  the  block  under  consideration.  This  length  is  a  floating-point 
binary  word  that  may  be  as  large  as  9999. 

(10)  Left  street  width  (F)  is  the  width  (in  feet)  of  the  left  street  bordering 
the  block  being  considered.  This  width  is  a  floating-point  binary  word  that 
can  be  as  large  as  999. 

(11)  Left  street  length  (F)  is  the  length  (in  feet)  of  the  left  street  bordering 
the  block  under  consideration.  This  length  is  a  floating-point  binary  word 
that  can  be  as  large  as  9999. 

(12)  Lower  street  width  (F)  is  the  width  (in  feet)  of  the  lower  street  bor¬ 
dering  the  block  being  considered.  This  width  is  a  floating-point  binary 
word  that  may  be  as  large  as  999. 

(13)  Lower  street  length  (F)  is  the  length  (in  feet)  of  the  lower  street  bor¬ 
dering  the  block  under  consideration.  This  length  is  a  floating-point  binary 
word  that  may  be  as  large  as  9999. 


i 


-175- 


(14)  Right  street  width  (F)  is  the  width  (in  feet)  of  the  right  street  bor¬ 
dering  the  block  in  question.  This  width  is  a  floating-point  binary  word 
that  may  be  as  large  as  999. 

(15)  Right  street  length  (F)  is  the  length  (in  feet)  of  the  right  street  bor¬ 
dering  the  block  in  question.  This  length  is  a  floating-point  binary  word 
that  may  be  as  large  as  9999. 

(16)  Block  area  (F)  is  the  block  area  (in  square  feet)  as  read  from  the 
Sanborn  map.  This  area  is  a  floating-point  binary  word  that  may  be  as 
large  as  399,  996,  000. 

(17)  Number  of  buildings  (I)  in  the  block  is  a  fixed-point  binary  word 
giving  the  number  of  buildings  in  the  block  under  consideration.  (A  unit 
of  different  height  or  construction  is  counted  separately. ) 

Note:  The  following  information  applies  to  each  building 
within  the  block  and  is  repeated  in  the  binary 
record  for  each  building: 

(18)  Number  of  floors  (F)  is  the  number  of  floors  in  the  unit  of  the  build¬ 
ing  for  the  block  under  consideration.  This  number  is  a  floating-point  bi¬ 
nary  word. 

(19)  Height  of  building  (F)  is  the  height  (in  feet)  of  the  unit  or  building  in 
question  for  the  block  being  processed.  This  height  is  a  floating-point  bi¬ 


nary  word. 
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(20)  Building  ground  area  (F)  is  the  ground  area  (in  square  feet)  of  the 
unit  or  building  in  question  for  the  block  being  processed.  This  area  is  a 
floating-point  binary  word. 

*21)  Building  use  (A)  utilizes  the  code  assigned  which  most  adequately 
describes  the  building's  use.  This  code  is  a  BCD  binary  word  that  may  con 
sist  of  five  alphameric  characters.  (The  codes  are  given  for  each  building 
use  in  Table  7. ) 

(22)  Building  construction  code  one  (A)  is  the  first  of  three  building  con¬ 
struction  codes  that  describe  the  building*  s  construction.  It  is  a  BCD  bi¬ 
nary  word  that  may  consist  of  four  alphameric  characters.  (The  codes  are 
given  for  each  building  construction  in  Table  8. ) 

(23)  Building  construction  code  two  (A)  is  the  second  of  three  building 
construction  codes  that  describe  the  building' s  construction.  It  is  a  BCD 
binary  word  that  may  consist  of  four  alphameric  characters. 

(24)  Building  construction  code  three  (A)  is  the  third  and  last  building 
construction  code  that  describes  the  building's  construction.  It  is  a  BCD 
binary  word  that  may  consist  of  four  alphameric  characters. 
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FORMAT  OF  BLOCK  SUMMARY  TAPE 

A.  INTRODUCTION 

The  coding  system  outlined  for  the  building  data  tape  will  also  be 
followed  in  this  description.  Thus,  the  binary  word  in  the  binary  record 
for  a  block  will  have  its  mode  indicated  by  (F)  or  (A)  depending  on  whether 
it  is  floating  or  alphameric  (binary-coded  decimal),  respectively.  Missing 
or  blank  data  will  be  recorded  as  a  (-1. 0)  if  the  data  word  was  to  be  in 
floating  point  and  as  a  binary-coded-decimal  (BCD)  blank  if  it  was  to  be 
alphameric.  The  numerical  order  of  the  binary  block  data  words  given 
below  is  the  same  as  the  words  appear  on  the  binary  tape.  (As  on  the 
building  data  tape,  all  data  are  written  in  binary  form. )  The  summary  for 
each  block  is  written  on  the  tape  as  a  single  binary  record  consisting  of 
36  binary  data  words  (either  floating  point  or  alphameric). 

B.  DESCRIPTION  OF  BINARY  RECORD  ON  TAPE 

(1)  Sheet  number  (F)  is  the  same  unique  number  assigned  to  the  block 
as  was  given  in  the  building  summary.  It  is  recorded  as  a  floating-point 
binary  number  between  1  and  5289. 

(2)  City  code  (A)  is  the  same  applicable  code  assigned  to  the  city  in 
which  the  block  is  located  as  was  given  in  the  building  summary.  It  is 
recorded  as  an  alphameric  (BCD)  binary  word  consisting  of  up  to  two  deci¬ 


mal  digits. 
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(3)  Sanborn  volume  (A)  uses  the  same  applicable  code  read  from  the 
Sanborn  maps  as  in  the  building  summary.  It  is  recorded  as  an  alpha¬ 
meric  (BCD)  binary  word  consisting  of  up  to  two  decimal  digits  and  one 
alphabetic  character. 

(4)  Land  use  or  area  type  (A)  utilizes  the  same  applicable  code  as  in  the 
building  summary.  It  is  recorded  as  an  alphameric  (BCD)  binary  word  con¬ 
sisting  of  one  decimal  digit  and  one  alphabetic  character. 

(5)  Total  building  ground  area  (F)  is  the  total  ground  area  (in  square 
feet)  covered  by  buildings  of  the  block  in  question.  It  is  recorded  as  a 
floating-point  binary  word. 

(6)  Total  block  ground  area  (F)  is  the  total  ground  area  (in  square  feet) 
of  the  block  under  consideration,  including  one -half  of  the  surrounding  street 
area.  It  is  recorded  as  a  floating-point  binary  word. 

(7)  Total  miscellaneous  building  area  (F)  is  the  total  building  area  (in 
square  feet)  in  the  block  which  does  not  properly  fall  into  one  of  the  given 
building  categories.  (It  is  computed  by  multiplying  the  ground  area  of  the 
building  times  the  number  of  floors. )  In  this  summary  such  special  build¬ 
ings  as  underground  structures  fall  into  the  miscellaneous  category.  The 
total  miscellaneous  building  area  is  recorded  as  a  floating-point  binary 


word. 
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(8)  Total  number  of  buildings  (F)  is  the  total  number  of  buildings  or 
units  in  the  block.  (Each  unit  of  different  construction  or  height  is  con¬ 
sidered  separately. )  It  is  recorded  as  a  floating-point  binary  word. 

Note:  The  following  binary  data  words  apply  to  all  buildings 
regardless  of  their  particular  construction  category: 

(9)  Total  floor  area  (not  including  basements)  (F)  is  the  total  building 
floor  area  (in  square  feet)  for  all  of  the  buildings  in  the  block.  (The  floor 
area  of  a  building  is  computed  by  multiplying  the  ground  area  of  the  build¬ 
ing  by  the  number  of  floors. )  Basement  floor  area  is  not  included  in  this 
total.  The  total  floor  area  is  recorded  as  a  floating-point  binary  word. 

(10)  Total  casement  floor  area  (F)  is  the  total  basement  floor  area  (in 
square  feet)  for  all  of  the  buildings  in  the  block.  It  is  recorded  as  a 
floating-point  binary  word. 

(11)  Total  ground  area  of  buildings  over  ten  stories  high  (F)  is  the  total 
ground  area  (in  square  feet)  of  buildings  which  exceed  ten  stories  in  height 
for  the  pa-  ticular  block.  It  is  recorded  as  a  floating-point  binary  word. 

Note:  The  following  binary  data  words  apply  to  buildings 
of  wood-frame  construction: 

(12)  Total  floor  area  (not  including  basements)  (F)  is  the  total  floor  area 
(in  square  feet)  for  wood -fra  me  buildings  in  the  block.  (The  building  floor 
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area  is  computed  by  multiplying  the  building  ground  area  by  the  number  of 
floors. )  The  total  floor  area,  which  excludes  any  basements,  is  recorded 
as  a  floating-point  binary  word. 

(13)  Total  basement  floor  area  (F)  is  the  total  basement  floor  area  (in 
square  feet)  for  wood-frame  buildings  in  the  block  under  study.  It  is 
recorded  as  a  floating-point  binary  word. 

(14)  Total  ground  area  of  buildings  over  ten  stories  high  (F)  is  the  total 
ground  area  (in  square  feet)  for  wood-frame  buildings  for  those  buildings 
which  exceed  ten  stories  in  height.  The  total  ground  area  is  recorded  as 
a  floating-point  binary  word. 

Note:  The  following  binary  data  words  apply  to  buildings 
of  brick  construction: 

(15)  Total  floor  area  (not  including  basements)  (F)  is  the  total  floor  area 
(in  square  feet)  for  brick  buildings  in  the  block.  (The  floor  area  of  a 
building  is  calculated  by  multiplying  the  number  of  floors  by  the  ground 
area  of  the  building. )  The  total  floor  area,  which  does  not  include  base¬ 
ments,  is  recorded  as  a  floating-point  binary  word. 

(16)  Total  basement  floor  area  (F)  is  the  total  basement  floor  area  (in 
square  feet)  for  brick  buildings  in  the  block.  It  is  recorded  as  a  floating¬ 
point  binary  word. 
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(17)  Total  ground  area  of  buildings  over  ten  stories  high  (F)  is  the  total 
ground  area  (in  square  feet)  of  brick  buildings  which  exceed  ten  stories  in 
height  for  the  block.  It  is  recorded  as  a  floating-point  binary  word. 

Note:  The  following  binary  data  words  apply  to  buildings 
of  American  reinforced -concrete  construction: 

(18)  Total  floor  area  (not  including  basements)  (F)  is  the  total  floor  area 
(in  square  feet)  for  American  reinforced -concrete  buildings  in  the  block. 
(The  floor  area  of  the  building  is  calculated  by  multiplying  the  ground  area 
by  the  number  of  floors  in  the  building. )  The  total  floor  area,  which  does 
not  include  any  basements,  is  recorded  as  a  floating-point  binary  word. 

(19)  Total  basement  floor  area  (F)  is  the  total  basement  floor  area  (in 
square  feet)  for  American  reinforced-concrete  buildings  in  the  block.  It 
is  recorded  as  a  floating-point  binary  word. 

(20)  Total  ground  area  of  buildings  over  ten  stories  high  (F)  is  the  total 
ground  area  (in  square  feet)  of  American  reinforced-concrete  buildings 
which  exceed  ten  stories  in  height  for  that  block.  The  total  ground  area  of 
buildings  over  ten  stories  high  is  recorded  as  a  floating-point  binary  word. 

Note:  The  following  binary  data  words  apply  to  buildings 
of  Japanese  reinforced-concrete  construction: 

(21)  Total  floor  area  (not  including  basements)  (F)  is  the  total  floor  area 
(in  square  feet)  for  Japanese  reinforced-concrete  buildings  in  the  block. 


-182- 


(The  floor  area  of  a  building  is  calculated  by  multiplying  the  number  of 
floors  in  the  building  by  the  ground  area. )  The  total  floor  area,  which 
does  not  include  any  basements,  is  recorded  as  a  floating-point  binary 
word. 

(22)  Total  basement  floor  area  (F)  is  the  total  basement  fl  r  area  (in 
square  feet)  for  Japanese  reinforced-concrete  buildings  in  the  block.  It 
is  recorded  as  a  floating-point  binary  word. 

(23)  Total  ground  area  of  buildings  over  ten  stories  high  (F)  is  the  total 
ground  area  (in  square  feet)  of  Japanese  reinforced-concrete  buildings 
which  exceed  ten  stories  in  height  for  that  block.  The  total  ground  area 
for  these  buildings  is  recorded  as  a  floating-point  binary  word. 

Note:  The  following  binary  data  words  apply  to  buildingB 
of  heavy- steel-frame  construction.  Also  note  that 
none  of  these  buildings  exceed  ten  stories  in  height 
because  of  the  manner  in  which  this  construction 
category  was  defined: 

(24)  Total  floor  area  (not  including  basements)  (F)  is  the  total  floor 
area  (in  square  feet)  for  heavy- steel-frame  buildings  in  the  block.  (The 
floor  area  of  a  building  is  calculated  by  multiplying  the  number  of  floors 
by  the  building  ground  area. )  The  total  floor  area,  which  does  not  include 
any  basements,  is  recorded  as  a  floating-point  binary  word. 
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(25)  Total  basement  floor  area  (F)  is  the  total  basement  floor  area  (in 
square  feet)  for  heavy-oteel-frame  buildings  in  the  block.  It  is  recorded 
as  a  floating-point  binary  word. 

Note:  The  following  binary  data  words  apply  to  buildings 
of  light-steel-frame  construction.  Also  note  that 
none  of  these  buildings  exceed  ten  stories  in  height 
because  of  the  manner  in  which  this  construction 
category  was  defined: 

(26)  Total  floor  area  (not  including  basements)  (F)  is  the  total  floor  area 
(in  square  feet)  for  light-steel-frame  buildings  in  the  block.  (Building  floor 
area  is  calculated  by  multiplying  the  number  of  floors  by  its  ground  area.  ) 
The  total  floor  area,  which  does  not  include  any  basements,  is  recorded  as 
a  floating-point  binary  word. 

(27)  Total  basement  floor  area  (F)  is  the  total  basement  floor  area  (in 
square  feet)  for  light-steel-frame  buildings  in  the  block.  It  is  recorded  as 
a  floating-point  binary  word. 

Note:  The  following  binary  data  words  c^  itain  standard  - 
location  and  census-data  informa,  on  for  the  block: 

(28)  Standard-location  one  (A)  uses  the  first  foui  alphameric  character 
of  the  standard-location  tract  in  which  the  block  is  located.  It  is  recorded 
as  an  alphameric  (BCD)  binary  word. 
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(29)  Standard-Location  two  (A)  uses  the  last  four  alphameric  characters 
of  the  standard-location  tract  in  which  the  block  is  located.  It  is  recorded 
as  an  alphameric  (BCD)  binary  word. 

(30)  Census -tract  One  (A)  uses  the  first  six  alphameric  characters  of  the 
•census  tract  in  which  the  block  is  located.  It  is  recorded  as  an  alphameric 
(BCD)  binary  word. 

(31)  Census -tract  two  (A)  uses  the  last  alphameric  character  of  the  census 
tract  in  which  the  block  is  located.  It  is  recorded  as  an  alphameric  (BCD) 
binary  word. 

(32)  Census  block  (A)  uses  the  set  of  alphameric  characters  which  the 
I960  U.  S.  Census  utilized  to  describe  the  block.  It  is  recorded  as  an 
alphameric  (BCD)  binary  word. 

(33)  Block  population  (F)  is  the  population  of  the  block  as  recorded  by 
the  1960  U.  S.  Census.  It  is  recorded  as  r.  floating-point  binary  word. 

(34)  Standard-location  residential  population  (F)  is  the  residential  popu- 
1  at  ion,  as  recorded  by  the  1960  U.  S.  Census,  of  the  standard -location  tract 
in  which  the  block  is  located.  It  is  recorded  as  a  floating-point  binary  word. 

(35)  Standard-location  day  population  (F)  is  the  daytime  population  of  the 
standard-location  tract  in  which  the  block  is  located.  It  is  recorded  as  a 


floating-point  binary  word. 


(38)  Standard-location  night  population  (F)  is  the  nighttime  population  of 
the  standard-location  tract  in  which  the  block  is  located.  It  is  recorded  as 
a  floating-point  binary  word. 
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APPENDIX  C 

MULTIVARIATE  STATIS!  iCAL  ANALYSIS 


A  statistical  model  is  a  mathematical  formulation,  probabilistic  in 
character,  of  the  physical  situation  regarded  as  having  generated  an  observed 
response.  Thus,  such  a  model  in  the  development  of  typical  urban  areas 
expresses  in  logical  quantitative  form  the  effects  of  the  three  basic  factors?; 
namely,  experimental  errors,  urban  area  size,  and  geographic  region.  The 
complete  specifications  of  a  model  also  include  distributional  stipulations  as 
discussed  below. 

The  observations,  y^t  y2>  . . . ,  are  subject  to  statistical  fluctuations. 
As  a  consequence,  they  are  termed  observable  random  variables.  Evidently, 
the  observable  variates  depend  upon  such  specific  factors  as  geographic  re¬ 
gion  and  urban  area  size  aud  upon  such  incidental  random  error  factors  as 
(1)  the  city  blocks  chosen,  (2)  the  clerk  assigned  to  do  the  reading,  (3)  the 
condition  of  the  Sanborn  map,  etc. 

In  accordance  with  the  definition  of  a  statistical  model  given  above 
it  is  then  clear  that  the  model  will  specify  a  quantitative  relationship  be¬ 
tween  y  and  these  factors.  In  particular,  for  the  study  of  typical  urban 
areas,  a  linear  model  was  specified  as  follows: 


=  Mk  +  Rik  +  sjk 


+  e. 


ijk 


(1) 


i  =  1,2,  . . . , 


11;  j  =  1,  2,  3;  k  =  1,  2,  ..., 


6 
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where. 


is  the  observation  of  the  k  construction  type  in 
the  i**1  region  and  j**1  urban  area  size. 


fi  is  a  component  common  to  all  observations  of  the 
^  th 

k  construction  type, 

th 

R is  a  component  of  the  k  construction  peculiar  to 
^  th 

the  i  geographic  region, 

th 

S.,  is  a  component  of  the  k  construction  peculiar  to 
th 

the  j  urban  area  size,  and 


is  the  composite  random  error  associated  with  y 


ijk 


and  due  to  the  sources  of  random  error  discussed 
in  the  preceding  paragraph. 


It  is  assumed  that 


and 


=  0 


Ee... 


e. 


2 

Q 


For  statistical  completeness  (to  permit  the  solutions  of  the  least 

squares  equations),  if  is  further  assumed  that 

11 

I  Bik  =  p 


3 


I 


S  ,  =  0 


and  that 
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To  satisfy  these  restrictions,  the  and  are  redefined  in  the  conven¬ 
tional  way.  Specifically,  the  observation  equation  for  y^  ^  4  is  defined 


aa 


r3,2,4  =  M4  +  R3.4  +  S2,4  +  e3.2,4 


In  the  expanded  form,  representing  all  of  the  parameters  of  the  least  squares 
system  pertinent  to  the  fourth  construction  type,  it  is  given  a*: 


y3,2,4^4  +  °-  H1.4  +  °-  R2,4  +  1-  R3.4  +  °-  R4.4+-  - 


+  °-R1O.4  +  0  Sl,4+1S2,4  +  e3,2,4 


(2) 


These  definitions  can  be  generalized  for  any  y.  ^  ^  •  In  particular, 
the  six  equations  for  a  single  observation  vector  (i.  e. ,  representing  the  six 
construction  types)  can  be  written  as; 


v  s  u  +  R.„  +  S.,  +  e.., 
yijl  M1  il  ]1  ijl 


yij2  =  *,2+Ri2  +  Sj2  +  eij2 


The  non-random  unknown  variables,  R.^,  and  S^,  are  gen¬ 

erally  termed  experimental  (as  opposed  to  random)  effects  since  they  are 
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the  quantitative  but  unknown  results  of  the  assignable  factors --the  geographic 
regions  and  urban  area  sizes. 

The  equations  representing  the  observations  can  be  put  into  the  more 
concise  matrix  notation  as  follows: 

Y  =  Afl  +  e  (3) 

where, 

Y  is  an  nx6  matrix  of  the  observations,  each  element 
in  a  six-element  row  representing  one  construction 
type  for  a  particular  observation, 

0  is  a  13x6  matrix  of  the  unknown  experimental  effects 
in  the  observation  equation, 

A  is  an  nxl3  matrix  of  0's  and  l's  such  that  the  I's  in 

the  ij**1  row  correspond  to  the  effects  of  the  0  matrix 

associated  with  the  observations  y. ,  and 

ljk 

e  is  an  nx6  matrix  of  the  unobservable  random  errors. 

By  way  of  additional  explanation  concerning  the  A  matrix,  note  that  the  0 

th 

and  1  coefficients  in  Eqc  (2)  above  exactly  form  the  3,  2  rcw  of  matrix 
A. 

The  least  squares  procedure  may  now  be  used  to  obtain  a  solution  of 

i 

the  system  in  Eq.  (3)  such  that  e  e  is  ZYsinimized  with  respect  to  0.  Hence, 

e'e  =  (Y  -  A  0)  (Y-A$) 


7 


N  ■*“>. 
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,  i 

-  iY-Ad)  (-A)+(-A}(Y-A0) 

-  (-A*  MY  -  A  S)  +  {-A* )  (Y  -  A  0> 
s  -2A*  Y  +  2a'  A0 

Setting  this  expression  equal  to  zero,  the  resulting  normal  equations  are 

1  A  » 

A  A  0  -  A  Y 

$  is  used  to  indicate  estimates  instead  of  the  exact  parameters,  which  re¬ 
main  unknown  (though  estimated).  The  least  squares  solution  is  then 

$  =  (A*  A)*1  a'  Y  (4) 

For  the  problem  of  assessing  the  significance  of  geographic  region 
and  urban  area  size  on  construction,  one  is  interested  in  the  reduction  of 
the  experimental  error  under  the  hypothesis  implied  by  the  statistical 
model  in  Eq.  (1).  To  study  this  reduction,  the  error  or  deviation  about 
regression  is  used  as  follows: 

ERROR  =  Y*  Y-  Y*  A  $  (5) 

f 

Y  Y  is  analogous  to  the  total  sum  of  the  squares  in  univariate  statistical 
analysis,  and  Y  A  &  is  analogous  to  the  reduction  in  this  sum  due  to  re¬ 
gression,  it  being  tacitly  assumed  that  the  introduction  of  the  regression 
variable  will  reduce  the  error  variance. 

$ 

The  word  "error"  is  understood  to  be  error  in  the  statistical  sense,  or 
residual  variation  about  the  multivariate  regression  equation.  It  is  anal¬ 
ogous  to  standard  deviation  in  non-regression  problems. 


The  object  of  the  multivariate  analysis  procedure  applicable  to  this 
particular  problem  is  to  compare  this  reduction  with  the  reduction  that  can 
be  achieved  under  several  alternate  hypotheses.  For  this  particular  prob¬ 
lem.  the  hypotheses  of  interest  are  that  geographic  region  has  no  effect  on 
construction  and  that  urban  area  size  has  no  effect  on  construction.  Equations 
similar  to  Eq.  (1)  for  these  reduced  hypotheses  are: 


(6) 


and 


R., 

lk 


+  e 


ik 


(7) 


Of  course,  modifications  must  obviously  be  made  in  the  definitions.  The 
error  reduction  assuming  the  complete  hypothesis,  given  by  Eq.  (1),  is 
compered  with  the  reduction  assuming  each  of  these  reduced  hypotheses. 

If  the  reduction  assuming  the  complete  hypothesis  is  not  significantly  greater 
than  the  reduction  assuming  a  reduced  hypothesis,  then  the  factor  by  which 
the  hypotheses  differ  is  not  statistically  significant  as  an  explanation  for 
any  of  the  variability  observed  in  the  data  set. 

The  comparison  in  reduction  is  made  by  examining  the  change  in 
error  (i.  e. ,  Eq.  (5))  for  the  complete  and  the  reduced  hypotheses.  It  is 
of  interest  to  note  that  this  error  is  often  called  the  residual  since  it  is 
the  remainder  of  the  total  variability  after  that  variability  which  can  be 
assigned  to  the  non-random  factors  of  the  model  has  been  removed.  The 
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multivariate  statistic  that  has  been  developed  for  this  type  of  problem  is  as 
follows: 

_  det  (residual  assuming  the  complete  model ) 

”  det  (residual  assuming  the  reduced  model) 

In  this  equation  det  (residual  assuming,  etc. )  is  the  determinate  of  Eq.  (5) 
for  the  particular  model  involved.  If  this  observed  U  is  not  sufficiently 
less  than  one,  the  factor  by  which  the  models,  or  hypotheses,  differ  is  not 
significant  as  an  explanation  of  data  variability. 

This  statistic  v/as  computed  for  each  reduced  hypothesis  for  all 
land  uses  and  for  several  combinations  of  land  uses.  Theoretical  values 
against  which  these  computed  statistics  must  be  compared  have  never  been 
extensively  tabled.  In  fact,  none  of  the  tables  required  for  this  project 
existed;  thus,  as  the  analysis  proceeded,  isolated  theoretical  values  had 
to  be  estimated.  All  of  the  results  and  the  corresponding  statistical  con¬ 
clusions  have  been  discussed  in  Chapter  VI.  For  a  more  extensive  treat¬ 
ment  of  the  multivariate  problem,  the  reader  is  referred  to  Chapter  8  of 
An  Introduction  to  Multivariate  Statistical  Analysis  (Ref.  5). 


(8) 


